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PREFACE. 


Tuts Introduction to Human Anatomy was prepared 
as the Article “ Anatomy” for the Ninth Edition of 
the “ Encyclopedia Britannica,” now in course of 
publication. It has no pretence to be an exhaustive 
treatise on the subject, and in writing it, my object 
has been to give an exposition of the principles on 
which the human body is constructed, rather than 
to put before the reader a detailed description of the 
several organs, At the suggestion of the publishers 
it has been reproduced in a separate volume. 

The illustrations, except when otherwise stated in 
the text, are original. The figures of the dissected 
parts are from drawings by Dr W. M. Banks 
and Dr J. Halliday Scott. The great majority 
of the illustrations of the microscopic objects have 
been drawn on the wood, from original material and 


specimens, by Drs J. C. Ewart and J. Halliday Scott, 
6b 
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and by Mr C. Berjeau, to each of whom I desire to 
express my thanks for the care that has been taken in 
delineating the several objects. Except when stated 
otherwise, the microscopic specimens, from which the 
illustrations of the minute anatomy of the organs 
have been taken, were prepared, with his customary 
care and skill, by my assistant, Mr A. B. Stirling. 
For the use of the woodcuts, in illustration of Dr 
Thin’s observations, I am indebted to that gentleman, 
and to the publishers of the Edinburgh Medical 
Journal. My thanks are also due to my friend, Dr 
J. A. Russell, for the trouble he has bestowed in 
revising the proof-sheets of the latter half of the 
book. 


Mancu 1877. 
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INTRODUCTION. 


Anatomy (‘Avarou) means in its literal sense the dis- 
section or separation of parts by cutting, but in its 
usual acceptation it is employed to denvte the science the 
province of which is to determine the construction, the form, 
and the structure of organised bodies, #.¢., of bodies which 
either are or have been living. It is therefore a depart- 
ment of the science of BroLocy. It resolves itself into 
two great divisions—AnmmaL Anatomy or Zooromy, the 
object of which is to investigate the structure of animals; 
and VecrrasLe Anatomy or Payrotomy, the object of 
which is to elucidate the structure of plants. ANimaL ANA- 
ToMY, again, naturally resolves itself into two divisions: one 
in which the construction, form, and structure of two or 
more animals are compared with each other, so as to bring 
out their features of resemblance or dissimilarity,—this is 
called Comparative Anatomy; the other, in which the 
construction, form, and structure of parts in a single ani- 
mal are considered, which is termed SpectaL ANATOMY. 
The special anatumy of an animal may be studied from 
a 
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varios points of views: (a) with reference to the succession 
of forms which it exhibits at various poriods from its first 
Appearance as an embryo to the assumption of its adult 
characters: this is termed Deveropmentan or Eupryo- 
tooican Anatomy; (6) with reference either to its form 
and structure, or to the investigation of the laws by which 
these are determined, termed Morrioiocican Anatomy ; 
(c) with reference to the function, use, or purpose per- 
formed by o part or structure in an animal, termed 
‘TxneoLoGteaL or Paystonocican Anatomy; (d) with ro- 
ference merely to the relative position of different parts or 
structures, termed Torocrarnican Anatomy; (¢) with 
reference to the structure and general properties of the 
tismes or textures which enter into the construction of the 
parts or organs of animals ; to this branch of study have 
‘been applied tho terms Guxerat Anatomy, Anatomy oF 
Texrvess, Hisrotocy and, from the miscroscope being so 
largely employed in the examination of the textures, 
Micnosoortc or Minure Anatomy; (/) with reference to 
the changes induced by disease in the organs or tissues, 
termed Moxsm or Parnotocrcan Axatomy. From its 
manifold aspects Anatomy forms the basis of the Biological 
Scionces, As a knowledge of the laws of motion is cssen- 
tinl, and must be constantly recurred to at every step 
before any true progress can be made: in the investigation 
of the physical sciences, 20 must the structure of animal 
‘bodies be constantly appealed to by the zoologist in all 
attempts at classification; by the physiologist in all in- 
quiries into the functions performed by the organs and 
textures in a state of health, and into the special adapta- 
tion of parts to particular uses; and by the physician in 
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Telative position of different parts are not used in the same 
senag by the human and comparative anatomist. Thus, 
parta which are superior, 

or above other parts, in | = 
the human body, sre an- 

terior, or in front, in Fe | 
other vertebrata; and [ 

parts which are pos- 
terior, or behind. other "it Putoguranets ema! 
parts in man, are superior dotted line. (After Goodsir) 
to them in other vertebrata. To obviate the confusion 
which must necessarily arise when comparing the human 
body with that of other vertebrates, certain descriptive 


Li 
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¢ 
, 
' 
oS 
Loy 
3—Outline disgram Fra 4—Outline diagram of 8 
of a bird. The axis of monkey in the semi- erect 
ple les 0 thon. ‘The axis of the spine 
to the vertica es obliquely to the vertical 


terms have been recommended which may be employed 
whether the position of the body be erect or non-erect. 
Thus, the aspect of parts directed towards the region 
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of the body are not homogeneous in structure, but are built 
up of several systems of organs, each. system being charac- 
terized not only by peculiarities in form, appearance, and 
structure, but by possessing special functions and uses. 
Thus the bones collectively form the Osseous system; the 
joints the Articulatory system ; the muscles, which move the 
bones at the joints, the Muscular system; and these several 
systems collectively constitute the organs of Locomotion. 
The brain, spinal marrow, sympathetic ganglia, and nerves, 
form the Nervous system, with which is intimately asso- 
ciated the organs of Sense; the blood and lymph vessels, 
the Vascular system; the lungs and windpipe, the Respira- 
tory system; the alimentary canal, with the glands opening 
into it, the Digestive system; the kidneys, bladder, and 
urethra, the Urinary system; the testicles, spermatic ducts, 
and penis in the male, with the ovaries, uterus, and clitoris 
in the female, the Generative or Reproductive system ; the 
skin, with the hair and nails, the Tegumentary system: 
‘These various systems are so arranged with reference to 
each other as to form an organic whole. 


The Organs of Locomotion will first attract our attention. 


CHAPTER L 


SKELETON. 


Osszous Sysrzm—OstxoLocy—SxeLeroy,—The word 
Skeleton (from oxé\Aw, to dry) signifies literally the dry or 
hard parts of the body. When used in a limited sense it 
is applied merely to the bonca, but when used in a wider 
and more philosophic sense it comprises not only the bones 
or osseous skeleton, but the cartilages and fibrous mem- 
branes which complete the framework of the body. The 
first evidence of a skeleton in the embryo is the appear- 
ance of membranes in many parts of which cartilage is 
developed, and in course of time this cartilage is converted 
into bone. In some animals, however, as in the cartila- 
ginous fish, the osseous conversion does not take place, 
and the skeleton remains permanently cartilaginous; and 
in the very remarkable fish called Lancelet, or Amphi- 
orus, the skeleton consists almost entirely of fibrous mem- 
brane. 

The skeleton serves as a basis of support for the soft 
parts, as affording surfaces of attachment for muscles and 
as a protection for many delicate organs. In the verte. 
brata the osseous skeleton is clothed by the muscles and 
skin, and is technically called an endo-skeleton, In inverte- 
brata the skeleton is not unfrequently on the surface of the 
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Axtat SKELETON. 
SPINE, 


We shall commence the description of the Ax1at SKELE- 
ton by giving an account of 
the bones of the spine. 

The Spring, SprnaL or 
VeRTRBRAL CoLUMN, chine, 
or backbone, consists of a 
number of superimposed 
bones which are named Verte- 
bree, because they can move or 
turn somewhat on each other. 
It lies in the middle of the 
back of the neck and trunk ; 
has thecraniumat itssummit; 
the ribs at its sides, which in 
their turn support the upper 
limbs ; whilst the pelvis, with 
the lower limbs, is jointed 
to its lower end. The spine 
consists in an adult of twenty- 
six bones, in a young child 
of thirty-three, certain of the 
bones in the spine of the 
child becoming ankylosed 
Fro, 6-The Axial Skeleton, se Seat or blended with each other 


vertebre; Dy, the 


1, the lumbar: Sy, the i eral Cos ‘ore in theadult. These blended 


tbe aide; Pa the 
Be varacntan Erte bones love their mobility, and 


ea eee ofthenpine” ate called false vertebrae; 
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whilst those which retain their mobility are the true 
vertebre. In the vertebrata the bones of the spine are 
arranged in groups, which may be named from their 
position—vertebree of the neck or cervical; of the chest, 
dorsal or thoracic ; of the loins, lumbar ; of the pelvis, 
sacral; and of the tail, coccygeal or caudal; and the 
number of vertebre in each group may be expressed 
in a formula, In man the formula is as follows:— 
C;Di2L5SsCocy = 33 bones, as seen in the child; but the 
five sacral vertebres fuse together into a single bone—the 
sacrum—and the four coccygeal into the single coccyx. 
Hence the sacrum and coccyx of the adult are the false, 
whilst the lumbar, dorsal, and cervical are the true 
vertebrae. 

The vertebre are irregularly-shaped bones, but as a 
rule have certain characters in common. Each possesses a 
body and an arch, which enclose a ring, with certain pro- 
cesses and notches. The Body, or Centrum, is a short 
cylinder, which by its upper and lower surfaces is con- 
nected by means of fibro-cartilage with the bodies of the 
vertebre immediately above and below. The collective 
series of vertebral bodies forms the great column of the 
spine, The Arch, also called Neural Arch, because it en- 
closes the spinal marrow or nervous axis, springs from the 
back of the body, and consists of two symmetrical halves 
united behind in the middle line. Each half consists of an 
anterior part or pedicle, and a posterior part or lamina. 
The Rings collectively form the spinal canal. The Pro- 
ceases usually spring from the arch. The spinous process 
projects backwards from the junction of the two lamin», 
and the collective series of these processes gives to the 
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are flat and nearly vertical. The first, twelfth, eleventh, 
tenth, and sometimes the ninth, dorsal vertebre are dis- 
tinguished from the rest. The first is in shape like the 
seventh cervical, but has no foramen at the root of the 
transverse process, and has two articular facets on each 
side of the body ; the ninth has sometimes only one facet 
at the side of the body; the tenth, eleventh, and twelfth 
have invariably only a single facet on the side of the body, 
but the eleventh and twelfth have stunted transverse 
processes, and the twelfth has its lower articular processes 
shaped like those of a lumbar vertebra. 

The Lumbar Vertebre in man are five in number, but 
amongst mammals they range from two in the platypus to 
eight in the hyrax or agouti. They are the lowest of the 
true vertebrae, and also the largest, especially in the body. 
The arch has short and deep laming ; the ring is triangular; 
the spine is massive and hatchet-shaped ; the transverse 
processes are long and pointed ; the articular are thick 
and strong, the superior pair concave, the inferior con- 
vex ; the inferior notches, as in the dorsal vertebre, are 
deeper than the superior. In the lumbar vertebre and in 
the lower dorsal an accessory process projects from the base 
of each transverse process, and a mammillary tubercle from 
each superior articular process. In man these are small and 
rudimentary ; but in some mammals, as the kangaroo, 
armadillo, and scaly ant-eater, the mammillary tubercles 
are large, and in the baboon, dog, cat, and beaver, the 
‘accessory processes are well developed. The fifth lumbar 
vertebra has its body much thicker in front than behind; 
its epine is less massive, and ita lower articular processes 
are flat. 
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The Sacrum is composed of five originally separate 
vertebres fused into a single bone. In the bandicoot it 
-consists of a single vertebra, whilst it hasas many as eight 
in the armadillo, The relative size and completeness of the 
sacrum are associated with the development of the haunch 
bones and of the lower limba. In whales, where the pelvic 
bones are rudimentary and there are no hind limba, there 
is no sacrum. The sacrum forms the posterior wall of the 
pelvis, is triangular in form, and possesses two surfaces, two 
borders, a base, and an apex. The anterior or pelvic surface 
is concave, and is marked by four ‘transverse lines, which 
indicate its original subdivision into five bones, and by four 
pairs of foramina, through which are transmitted the 
anterior sacral nerves. Its posterior surface is convex; in 
the middle line are tubercles or rudimentary spines, and on 
each side of these are two rows of tubercles, the inner of 
which are the conjoined articular and mammillary pro- 
cesses, the outer the transverse processes of the originally 
distinct vertebre ; in addition, four pairs of foramina are 
found which transmit the posterior sacral nerves from the 
sacral canal, which extends through the bone from base to 
apex, and forms the lower end of the spinal canal. By its 
borders the sacrum is articulated with the haunch-bones— 
by its base with the last lumbar vertebra, by its apex with 
the coccyx. The human sacrum is broader in proportion 
to its length than in other mammals; this great breadth 
gives solidity to the lower part of the spine, and, conjoined 
with the size of the lateral articular surfaces, it permits 
® more perfect junction with the haunch-bones, and is 
correlated with the erect position, Owing to the need in 
woman for a wide pelvis, the sacrum is broader than in man. 
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a lateral. The antero-posterior is the more important. 
In the infant at the time of birth the sacro-coccygeal 
part of the spine is concave forwards, but the rest of 
the spine, except a slight forward concavity in the series 
of dorsal vertebree, is almost straight. When the infant 
begins to sit up in the arms of its nurse, a convexity for- 
wards in the region of the neck appears, and subsequently, 
as the child learns to walk, a convexity forwards in the 
region of the loins. Hence in the adult spine a series 
of convexo-concave curves are found, which are alternate 
and mutually dependent, and are associated with the erect 
attitude of man. In the human spine alone are the 
lumbar vertebra: convex forward. A lateral curve, convex 
to the right, opposite the third, fourth, and fifth dorsal 
vertebra, with compensatory curve convex to the left 
immediately above and below, is due apparently to the 
much greater use of the muscles of the right arm over 
those of the left, drawing the spine in that region some- 
what to the right. In disease of the spine its natural 
curvatares are much increased, and the deformity known 
as humpback is produced. As the spine forms the central 
part of the axial skeleton, it acts as a column to support 
not only the weight of the body, but of all that can be 
carried on the head, back, and in the upper limbs : by its 
transverse and spinous processes it serves also to give 
attachment to numerous muscles, and the transverse pro- 
cesses of its dorsal vertebra are also for articulation with 
the ribs. 
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THORAX, 


The Taorax, Pecrus, or CHEst is a cavity or enclosure 
the walls of which are in part formed of bone and cartilage. 
Its skeleton consists of the sternum in front, the twelve 
dorsal vertebre behind, and the twelve ribs, with their 
corresponding cartilages, on each aide. ~ 

The Sternum or Breast Bone is an elongated bone 
which inclines downwards and forwards in the front wall 
of the chest. It consists of three parts—an upper, called 
manubrium or pre-sternum ; a middle, the body or meso- 
sternum; and a lower, the ensiform process or xiphi- 
sternum. Its anterior and posterior surfaces are marked 
by transverse lines, which indicate not only the subdivision 
of the entire bone into three parts, but that of the meso- 
sternum into four originally distinct segments. Each 
lateral border of the bone is marked by seven depressed 
surfaces for articulation with the seven upper ribs : at each 
side of the upper border of the pre-sternum is a sinuous 
depression, where the clavicle, a bone of the upper limb, 
articulates with this bone of the axial akeleton, The 
xiphi-sternum remains cartilaginous up to a late period of 
life, and from its pointed form has been named the ensi- 
form cartilage. 

The Ribs or Coste, twenty-four in number, twelve on 
each side of the thorax, consist not only of the bony ribs, 
but of a bar of cartilage continuous with the anterior end 
of each bone, called a costal cartilage, so that they furnish 
examples of a cartilaginous skeleton in the adult human 
body; in aged persons these cartilages usually become 
converted into bone. The upper seven ribs are connected 
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by their costal cartilages to the side of the sternum, 
and are called sternal or true ribs ; the lower five do not 
reach the sternum, and are named a-sternal or false, and 
of these the two lowest, from being unattached in front, 
are called free or floating. All the ribs are articulated 
behind to the dorsal vertebre, and as they are sym- 
metrical on the two sides of the body, the ribs in any 
given animal are always twice as numerous as the dorsal 
vertebra in that animal. They form a series of osseo- 
cartilaginous arches, which extend more or less perfectly 
around the sides of the chest. A rib is an elongated bone, 
and asa rule possesses a head, a neck, a tubercle, and a 
shaft. The head usually possesses two articular surfaces, 
and is connected to the side of the body of two adjacent 
dorsal vertebre ; the neck is a constricted part of the 
bone, uniting the head to the shaft ; the tubercle, close to 
the junction of the shaft and neck, is the part which articu- 
lates with the transverse process of the vertebra. The 
shaft is compressed, possesses an inner and outer surface, 
and an upper and lower border, but from the shaft being 
somewhat twisted on itself, the direction of the surfaces 
and borders is not uniform throughout the length of the 
bone. The ribs slope from their attachments to the spine, 
at first outwards, downwards, and backwards, then down- 
wards and forwards, and where the curve changes from 
the backward to the forward direction an angle is formed 
on the rib. The first, tenth, eleventh, and twelfth ribs 
articulate each with only a single vertebra, eo that only a 
single surface exists on the head : the surfaces of the shaft 
of the first rib are almost horizontal ; those of the second 
very oblique; the eleventh and twelfth ribs are rudi- 
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mentary, have neither neck nor tubercle, and are pointed 
anteriorly. The ribs are by no means uniform in length : 
they increase from the first to the seventh or eighth, and 
then diminish to the twelfth; the first and twelfth are 
therefore the shortest ribe. The first and second costal 
cartilages are almost horizontal, but the others are directed 
upwards and inwards, 

In ite general form the chest may be likened to a tran- 
cated ‘cone. It is rounded at the sides and flattened in 
front and behind, so that a man can lie either on his back 

_ oF his belly. Its truncated apex slopes downwards and 
forwards, is small in size, and allows of the passage of the 
windpipe, gullet, large veins, and nerves into the chest, 
and of several large arteries out of the chest into the neck. 
The base or lower boundary of the cavity is much larger 
than the apex, slopes downwards and backwards, and is 
occupied by the diaphragm, a muscle which separates the 
chest from the cavity of the abdomen. The transverse 
diameter is greater than the antero-posterior, and the antero- 
posterior is greater laterally, where the lungs are lodged, 
than in the mesial plane, which is occupied by the heart. 


HEAD. 


The Hzap forms the summit of the axial part of the 
body. It consists of two portions—the Cranium and the 
Face. 

The SKULL, or skeleton of the head, is composed of 22 
bones, 8 of which form the skeleton of the cranium, 14 
that of the face. Except the lower jaw, which is move- 
able, the bones are all firmly united by immovable joints. 
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frontal, which forms the forehead, and closes in the frout 
of the cranial bax; forming the vault and side walls aro 
tho two parietal bones; completing the side walls, and 
extonding for a short distance along the side of the floor, 
are the two temporal bones; the werter of the skull is at 
the junction of the two parietal bones with each other. 


Pic, Section throngh the skull tmmatlately to tho right of the mesial plang 
6 with, in adiition, HO, baal-cccipttal » HO, 
o-aptienotd (Nhe let 
wld: ME mes-ethaned 


of lower fay 
The eisn bones of the face, which are situated below 
and in front of the cranium, enter into the formation of the 
walls of cavities which open on the front of the face; thus 
they complete, along with the frontal, sphenoid, and ethmoid, 
the walla of the two orbits in which the eye-balls are 
lodged ; along with the cthmoid and sphenoid, tho walls of 
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called internal and external, project downwards, and the 
internal process ends in a slender hook termed the hamular 
process, The ali-sphenoid is pierced by foramina called 
rotundum, ovale, and spinosum, the two former of which 
transmit the second and third divisions of the fifth cranial 
nerve, the last the middle meningeal artery to the mem- 
branes of the brain; between the orbito- and ali-sphenoids 
is the sphencidal fissure which transmits the third, fourth, 
sixth nerves, and first division of the fifth cranial nerve 
into the orbit; and at the root of the pterygoid processes 
is the vidian canal, for the transmission of a nerve of the 
same name. 

The Ethmoid, or Sieve-like bone (Fig. 7), is situated 
between the two orbital plates of the frontal, and in front 
of the body of the sphenoid. It is cuboidal in shape, and 
is composed of a central portion and two lateral masses, 
which are connected together by a thin horizontal plate 
pierced with holes like a sieve, and called cribriform. 
This cribriform plate forms a part of the floor of the cranial 
cavity ; on it rest the two olfactory bulbs, and the branches 
of the nerves of smell, called olfactory or first cranial nerves, 
pass from the bulbs through the holes in this plate into the 
nose. The central portion of the bone (mes-ethmoid) is a 
mesial perpendicular plate; it forms a part of the nasal sep- 
tum and the process above the cribriform plate named crista 
galli. Each lateral mass consists of an external smooth 
plate, os planum, which assists in forming the inner wall of 
the orbit; and an internal convoluted part, called superior 
and middle spongy bones or turbinals, which enter into the 
formation of the outer wall of the nostril These turbinals 
are associated with the distribution of the nerves of smell; 


AXIAL SKELETON—HEAD. 27 


in the toothed whales, where there are no olfactory nerves, 
the turbinals are absent, whilst in some mammals, as the 
crested seal, they assume a highly convoluted form. The 
lateral masses are hollowed out into air-sinuses, called eth- 
moidal cells, which communicate with the nostrils and with 
corresponding sinuses in the sphenoid and frontal bones. 
The Frontal, or bone of the Forehead (Figs. 6 and 7), 
consists originally of a right and left lateral half, united 
by the frontal suture in the middle line of the forehead. 
As a role, this suture disappears in early life, and a single 
greatly curved bone is formed. The bone is convex for- 
wards, to form the rounded forehead, and presents two 
eminences, the centres of ossification of the bone ; at the 
root of the nose is an elevation called glabella, extending 
outwards, from which, on each side, is the supra-ciliary 
ridge, corresponding to the position of the eyebrow. In 
the crania of some races, ¢g., the Australian, the forward 
projection of the glabella and supra-ciliary ridges is con- 
siderable ; and in the well-known skull from the valley of 
the Neander it has reached a remarkable size. These 
ridges and the glabella mark the position of the air-sinuses 
in the frontal bone. The upper border of each orbit, which 
ends internally and externally in a process of bone called 
angular, forms the lower boundary of the forehead. The 
cerebral surface of the bone is deeply concave, for the 
reception of the frontal lobes of the brain ; the concavity 
is deepened by the backward projection of two thin plates 
of bone which form the roofs of the orbits, which plates 
are separated from each other by the deep notch in which 
the ethmoid bone is lodged ; along the margins of this 
notch may be seen the openings into the frontal air-sinuses. 
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The Parietal bones, two in number (Figs. 6 and 7), 
form the greater part of the side wall of the skull, and 
mount upwards to the vertex, where they unite together 
along the line of the sagittal suture. Each bone possesses 
about the centre of its outer surface an eminence, the 
centre of ossification of the bone, with which a hollow on 
the cerebral surface, lodging a convolution of the parietal 
lobe of the brain, corresponds. The bone is quadrilateral 
in form, Three of its margins are strongly denticulated, 
for junction with the occipital, frontal, and corresponding 
parietal ; the fourth is scale-like, for union with the tem- 
poral, and forms the squamous suture; near the upper 
margin on the cerebral surface is a groove for the lodgment 
of the superior longitudinal venous sinus. The anterior 
inferior angle articulates with the ali-sphenoid, and is 
marked by a groove for the middle meningeal artery; the 
posterior inferior is grooved for the Jateral venous sinus, 
and articulates with the mastoid of the temporal. 

The Temporal bones, two in number (Figs. 6 and 7), 
are placed at the side and base of the skull, and are 
remarkable for containing in their interior the organs 
of hearing. Each bone consists originally of four sub- 
divisions—a squamoso-zygomatic, a tympanic, a petro- 
mastoid, and a styloid—which in course of time fuse 
together to form an irregular-shaped bone. The squamous 
part of the squamoso-zygomatic is a thin plate which forms 
that part of the side of the skull familiarly known as the 
“temple” The zygoma extends horizontally forwards -as 
a distinct arched process, to join the malar or cheek-bone. 
At the root of the zygoma is a smooth fossa, called glenoid, 
which receives the condyle of the lower jaw, and assists in 
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the bone, called aqueduct of Fallopius, which ends ex- 
ternally, between the styloid and mastoid processes, in the 
stylo-mastoid foramen. The styloid process is a slender part 
of the bone which projects downwards from the tympanic 
plate, and is connected with the small cornu of the hyoid 
bone by the stylo-hyoid ligament. It does not unite with 
the rest of the bone until a comparatively late period. 
Between the petrous-temporal and ex-occipital is the 
jugular foramen, which transmits out of the skull the 
eighth cranial nerve and the internal jugular vein. 

‘The fourteen bones of the Face are, as a rule, much 
smaller than those of the Cranium; some have the form 
of thin scales, others are more irregular in shape. They 
are named as follows:—Two superior maxillary, two 
palate, two malar, two nasal, two lachrymal, two inferior 
turbinal, a vomer, and an inferior maxilla, 

The Superior Maxille, or bones of the Upper Jaw 
(Figs. 6 and 7,) form the skeleton of a large part of the 
face, and enter into the formation of the walls of the 
cavities of the nose, mouth, and orbit ; around them the 
other bones of the face are grouped. The facial surface 
of each bone presents in front a large foramen for the 
transmission of the infra-orbital branch of the fifth cranial 
nerve, and behind, several small foramina for the trans- 
mission of nerves to the teeth in the upper jaw. On the 
same surface is a rough process for articulation with the 
malar bone, The orbital surface is smooth, forms the 
floor of the orbit, and possesses 9 canal in which the infra- 
orbital nerve lies. The nasal surface forms a part of the 
outer wall and floor of the nostril, and presents a hole 
leading into a large hollow in the substance of the bone, 
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called the antrum, or superior maxillary air-sinus. The 
nasal surface articulates with the inferior turbinal and 
palate bones. The nasal and facial surfaces become con- 
tinuous with each other at the anterior aperture of the 
nose, and from them a strong process ascends to join the 
frontal bone close to the glabella ; this process also articu- 
lates with the lachrymal and nasal bones, The palatal 
surface forms a part of the bony roof of the mouth, and 
presents in front a small hole (the incisive foramen) which 
communicates with the nose. In the sheep and many other 
mammals this hole is of large size; the palatal surface is 
bounded externally by a thick elevated border, in which 
are the sockets, or alveoli, for the lodgment of the fangs 
of the teeth ; internally this surface articulates by a narrow 
border with the other superior maxilla and with the vomer, 
and, posteriorly, with the palate-bone. 

The Palate-bone (Fig. 7) lies in contact with the 
inner surface and posterior border of the superior 
maxilla, and separates it from the sphenoid. It is in 
abape not unlike the capital letter L, the horizontal 
limb forming the hinder part of the bony roof of the 
mouth by its lower surface, and the back part of the floor 
of the nose by ita upper. The ascending limb assists in 
forming the outer wall of the nose, and subdivides into 
an anterior, or orbital, and a posterior, or sphenoidal, pro- 
cess, At the junction of the two limbs is the pyramidal 
process, which articulates with the lower ends of the 
pterygoid processes of the sphenoid. 

The Vomer (Fig. 7), shaped like a ploughshare, lies 
vertically in the mesial plane of the nose, and forms a 
large part of the partition which separates one nostril from 
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the other. It articulates above with the under surface of 
the body of the sphencid and the mes-ethmoid; below 
with the palatal processes of the anperior maxille and 
palate-bones; in front with the septal cartilage of the nose, 
whilst the posterior border is free, and forms the hinder 
edge of the nasal septum. 

The Inferior Turbinated is a slightly convoluted bone 
situated on the outer wall of the nose, where it articulates 
with the superior maxilla and palate a little below the 
middle turbinal of the cthmoid. 

The Lachrymal (Fig. 6) is a small scalo-tike bone, in 
shape not unlike a fingernail, placed at the inner wall 
of the orbit, and fitting between the ethmoid, superior 
maxilla, and frontal bones. It has a groove on the outer 
surface, in which is lodged the lachrymal sac. 

‘Tho Nasal (Fig. 6) is 9 thin, somewhat clongated 
bone, which, articulating with its fellow in the middle 
line, forms with it the bony bridge of the nose; above, it 
articulates with the frontal, and by its outer border with 
the ascending process of the superior maxilla, 

The Malar bone (Fig. 6), irregular in shape, forms the 
prominence of the cheek, and completes the outer wall 
of the orbit. It rests upon the superior maxilla; by its 
orbital plate it articulates with the grest wing of the 
uphenoid ; by its ascending process with the external 
angular process of the frontal; by its posterior process with 
the zygomatic process of the temporal, 2o as to complete 
the zygomatic arch, 

The Inferior Maxilla, Lower Jaw, or Mandible (Figs. 6 
and 7), ia a large homeshoe shaped bone, which has 
the distinction of being the only movable bone of the 
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ends rounded, and the sides somewhat flattened. Its 
average length in the people of the British Islands is a 
little more than 7 inches ; its greatest breadth about 55 
inches; and its height, from the plane of the foramen 
magnum to the vortex, about 5} inches, Tta greatest 
circumference is about 21 inches. The breadth of the 
face across the zygomatic arches is about 5 inches, The 
average capacity of the brain cavity is 92 cubic inches, 
The British skull is dolico-cephalic and orthognathic, 

The lateral regions of the skull are called the temporal 
fossa, and give origin to the temporal muscles, Under 
caver of each zygomatic arch is the zygomatic fora. At 
the bottom of this is a hollow between the superior maxilla 
and sphonoid, called apheno-mazillary fora, from which 
the pteryyo-marillary fissure extends downwards between 
the pterygoid and superior maxillary; and the spheno- 
muavillary fisewre oxtends upwards into the orbit, 

‘Tho orbit is a four-walled pyramidal cavity, with the 
base directed forward to the face, and the apex backward 
to the brain cavity. At the apex are the foramina in the 
sphenoid, through which the nerve of sight and other nerves 
pass from the brain to the eyeball, muscles, and other soft 
structures within the orbit, 

‘The nostrils open on the front of the face by a large 
opening situated between the two superior max<illw, and 
bounded above by the two nasals. The sides of the 
opening pass down almost vertically to join the floor, and 
are not rounded off as in the ape's skull; from the centre 
of the floor a sharp process, the naval spine of the superior 
maxillm, projects forwards, and forms a characteristic 
feature of the human skull. Attached to the xidea of the 
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ridges corresponding to them, have not formed. In the 
adult the face is about half the size of the head, and its 
vertical diameter is greatly elongated, from the growth of the 
antram, the nose, and the dental borders of the jaws; and 
the angle of the lower jaw is almost a right angle. Inold 
age the teeth fall out, the jaws shrink in, their dental 
borders become absorbed, the angle of the lower jaw, as in 
infancy, is obtuse; the vertex and floor of the skull also 
become flattened, and the sides bulge outwards,—changes 
due to gravitation and the subsidence of the bones by their 
own weight. 

The skull of a woman is smaller and lighter, with the 
muscular ridges and projections due to the air-sinuses less 
strongly marked than in » man, but with the eminences 
or centres of ossification more prominent. The more 
feeble air-sinuses imply a more restricted respiratory 
activity and a less active mode of life than ina man. The 
internal capacity is about 10 per cent. less than that of 
the male. The face is smaller in proportion to the cranium; 
the cranium is more flattened at the vertex, and the height 
is consequently not so great in proportion to the length as in 
the man. In the adult female skull, therefore, the infantile 
characters are less departed from than is the case in the male. 


APPENDICULAR SKELETON. 
UPPER LIMB, 
Turning now to the APPENDICULAR SKELETON, we shall 
consider first that of the Supzeion or THORACIC or 


PecroraL Extremity, or Urrer Lora. The Upper Limb 
may be subdivided into a proximal part or shoulder, a 
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insertion of the bicepa. The shaft of the bone possesses 
three surfaces for the attachment of muscles, and a sharp 
inner border for the interosseous membrane. The lower 
end of the bone is much broader than the upper, and is 
marked posteriorly by grooves for the lodgment uf tendons 
passing to the back of the hand : from its outer border a 
pointed styloid process projects downwards; its inner border 
has a smooth shallow fossa for articulation with the ulna, and 
its broad lower surface is smooth and concave, for articula- 
tion with the scaphoid and semilunar bones of the wrist. 

The Ulna (Fig. 9) is also long bone. Its upper end is 
subdivided into two strong processes by a deep fossa, the 
greater sigmoid cavity, which possesses a smooth surface 
for articulation with the trochlea of the humerus. The 
anterior or coronoid process is marked by an oblique ridge 
for the insertion of the brachialis anticus, whilst the pos- 
terior or olecranon process gives insertion to the large 
triceps muscle of the upper arm. Immediately below the 
outer border of the great sigmoid cavity is the small 
sigmoid cavity for articulation with the side of the head of 
the radius. The shaft of the bone possesses three surfaces 
for the attachment of muscles, and a sharp outer border 
for the interosseous membrane. The lower end, much 
smaller than the upper, has a pointed styloid process and 
@ smooth articular surface, the outer portion of which is 
for the lower end of the radius, the lower part for moving 
on a cartilage of the wrist joint called the triangular fibro- 
cartilage. 

The Hand consists of the Carpus or wrist, of the Meta- 
carpus or palm, and of the free Digits, the thumb and four 
fingers. Anatomists describe it with the palm turned to 
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‘bones, and each possesses a shaft and two extremities, 
‘The metacarpal of the thumb is the shortest, and diverges 
outwards from the rest: its carpal extremity is saddle- 
shaped, for articulation with the trapezium; its shaft ix 
somewhat compressed, and its phalangeal end is smooth 
and rounded, for the first phalanx of the thumb, The 
four other metacarpal bones belong to the four fingers: 
they are almost parullel to each other, and diminish in size 
from the second to the fifth Their carpal ends articulate 
with the trapezoid, os magnum, and unciform : their shafts 
aro three-sided : their phalangeal ends articulate with the 
first phalanges of the fingers 

The number of Digits in the hand is five, which is the 
highest number found in the mammalia, They are dis- 
tinguished by the names of pollex or thumb, and index, 
middle, ring, and little fingers. Their skeleton consists of 
fourteen bones, named phalanges, of which the thumb 
possesses two, and each of the four fingers three, The 
phalanx next the metacarpal bone is the first, that which 
carries the nail is the terminal or ungual phalanx, whilst 
the intermediate bone is the second phalanx. Each is a 
miniature Jong bone, with two articular extremities and au 
intermediate shaft, except the terminal phalanges, which 
have an articular surface only at their proximal ends, the 
distal end being rounded and rough, to afford a surface 
for tho lodgment of the nail. 


LOWER LIKE, 


The Inrexson or Pervic Exrrentry, or Lower Lop, 
consists of a proximal part or haunch, a distal part or foot, 


a 
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is attached. Frotn tho nceta- 
bulum the ilium extends up- 
wards and backwards, the 
ischium downwards and beck- 
wards, the pubis forwards and 
inwards, In front of the aesta- 
bulum is a large hole, the 
obturator or thyroid foramen, 
which is bounded by the 
ischium and pubes; behind the 
acetabulum is the deep sciatic 
notch, which is bounded by 
the ischium and ilium. 

The Thum (Fig. 10) in man 
is a broad plate-like bone, 
Tn its most simple form, as in 
the kangaroo, it is a three- 
sided, prismatic, rod-like bone, 
one end of which enters into 
the formation of the acetabu- 
lum, whilst the other is free, 
and forms the iliac crest. Tn 
man, notwithstanding its ex- 
panded form, three surfaces 
may also be recognised, cor 
responding to the surfaces in 
theiliumofthe kangaroo; and, as 
in that animal, the lower end 

Mchion, Th Tabla, the then parts of the imnoraizace bones Fr femur Te 
orang pence of hel Spe ihe Ne ata omens 
top; Af. sooond, J1z. third, FW, fourth, ¥. uo toe. "Tha dot 


OF great th, 
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axis of the spine, 
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articulation with the corresponding bone on the opposite 
side of the pelvis, The three surfaces are—a superior, for 
the origin of the pectineus muscle; a posterior, which 
entors into the wall of the true pelvis; and an inferior, 
which forma the upper boundary of the obturator foramen, 
‘The descending ramus is merely a downward prolongation 
of the inner end of the bone which joins the ischium, and 
aids in forming the side of the pubic arch. The junction 
of the outer end of the pubis with the iliam is marked by 
the pectineal eminence, The superior and posterior sur- 
faces are separated by the sharp pectinen! line, which, 
starting from the spine of the pubis, rans outwards to aid 
in forming the brim of the true pelvis, 

The Iachium (Fig. 11), like the ilium and pubis, has 
the fundamental form of a three-sided prismatic rod. One 
extremity (the upper) completes the acctabulum, whilst 
the lower forms the large prominence, or twher ischit. The 
surfaces of the bone are infernal or pelvic, external, and 
anterior. The pelvic and external surfaces are separated 
from each other by a sharp border, on which is seen the 
ischial spine. The pelvic and anterior surfaces are sspa- 
rated by a border, which forms a part of the boundary of 
the obturator foramen; but the border betwoen the external 
and anterior surfaces is feebly marked. The tuberosity, 
® thick, rough, and strong process, gives origin to 
several powerful muscles: on it the body rests in the 
sitting posture; an offshoot, or ramus, ascends from it 
to join the descending ramus of the pubis, and com- 
pletes both the pubic arch and the margin of the obturator 
foramen. 

By the articulation of the two innominate bones with 
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‘The Femur or Thigh-bone (Fig. 11) is the longest bone 
in the body, and consists of ashaft and two extremities. The 
‘upper extremity or head possesses a smooth convex surface, 
in which an oval roughened fosss, for the attachment of 
the inter-articular ligament of the hip, is found; from the 
Iuad a strong clongated neck passes downwards and out- 
wards to join the upper end of the shaft; the place of 
junction is marked by two processes or trochanters: the 
external is of large size, and to it are attached many 
muacles; the internal is much smaller, and gives attachment 
to the psoas and ilincus muscles. A line drawn through the 
‘xia of the head and neck forms with a vertical line drawn 
through the shaft an angle of 30°; in a woman this angle 
is less obtuse than in a man, and the obliquity of the 
shaft of the femur is greater in the former than in the 
latter. Tho shaft is almost cylindrical about its centre, 
but expanded above and below; its front and sides give 
origin to the extensor muscles of the leg; behind there is 
a rough ridge, which, though called linea aspera, is really 
a narrow surface and not a line; it gives attachment to 
several muscles, The lower end of the bone presents 
a large smooth articular surface for the knee-joint, the 
anterior portion of which forms a trocilea or pulley for the 
movements of the patella, whilst the lower and posterior 
part is subdivided into two convex condyles by a deep 
fossa which gives attachment to the crucial ligaments of 
the knew, The inner and outer surfaces of this end of the 
bone are rough, for the attachment of muscles and the 
lateral ligaments of the knoe, 

‘The Patella or Kneo-pan (Fig. 11) is a small triangular 
flattened bone developed in the tendon of the great extensor 
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which forms the inner prominence of the ankle: its under 
surface is smooth for articulation with the astragabes : exter- 
nally it articulates with the lower end of the fibula. 

The Fibula, o¢ Splint-bone of the leg (Fic 11). i a 
slender mg bone with a shaft and two extremities The 
upper end or head articulates with the outer tuberosity of 
the tibia. The shaft is three-sided, and roughened for the 
«miginn of muscles; along the inner surface is a slender 
ridge for the attachment of the interosseous membrane. 
The lvwer end has a strong process (external malleolus) pro- 
jecting dewnwards to form the outer prominence of the ankle, 
and pmsesses a smooth inner surface for articulation with 
the astragalus,above which is a rough surface for the attach- 
inent of ligaments which bind together the tibia and fibula. 

The Fexst consists of the Tarsus, the Metatarsus, and the 
five free Digits or Toes, which is the maximum number 
fimnd in mammals, The human foot is placed in the prone 
prmitiom, with the sole or plantar surface in relation to the 
grand ; the dorsum or back of the foot directed upwards ; 
the axis of the foot at about a right angle to the axis of the 
ley ; and the great tue or hallux, which is the corresponding 
digit to the thumb, at the inner border of the foot. The 
human foot, therefore, is a pentadactylous, plantigrade foot. 

‘The bones of the Tarsus, or Ankle (Fig. 11, Tr), are seven 
in number, and are arranged in two transverse rows,—a 
proximal, next the bones of the leg, consisting of the 
antragalux, on calcis, and scaphoid; a distal, next the 
motatarsus, consisting of the cuboid, ecto-, meso-, and 
ento-cuneiform. If the tarsal bones be looked at along 
with thone of the metatarsus and toes, the bones of the 
foot may be arranged in two longitudinal columns,—an 
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and lumbar regions of mam and most vertebrates, only the verte: 
portion of cach skeletal segment is represented, though in the 
abdominal wall of the crocodiles abdominal ribs and @ sternum are 
In tho thoracic region tho five lowest dorsal vertebree 


highest vertebre have not only their corresponding pains 
of ribs, but alsoa sternum, which bone, however, has only six trans- 
ere negments. In the cervical region seven vertebree are found, 
but the anterior bar of the transverse process, although fused with 
the vertebral body, Js homologons with a rih, for in man it some- 
times develops as a distinct movable rib in connection with the 
cervical ; and in the crocodiles small movable ribs are 
connection with the different corvies! verte- 
bodies and neural archos of the vertebme are serially 
with ench other; as a rule this is also the case with 
processes, Wut the articular processes of the atlas and the 
superior pair of the axis, although functionally analogous, are not 
with the articular processes of the other vertebra, but 
with the articular surfaces for the ribs om the bodies of the dorsal 
vertebre, for they lie in front of, and not behind, the vortebmal 
notehes thrbugh which the spinal nerves are transmitted. The 
development of the odontoid process of the axis shows it to be the 
‘body of the atlas displaced from its proper bone and fused with the 
body of the axis, 

‘The development and homology of the Sknil is o much more 
aificult problem to solve than that of the spine, The chorda 
dorsalia extends along tho floor of the skull as far forward ns the 
posterior wall of the pituitary fossa, Curtilage is formed sround ft, 
without, however, the previous prodnotion of proto-vertehme, and 
this enrtilage is prolonged forward on each side of the fossa, forming 
two bars, the trabeculw cranii; these bars then unite, and form the 

cartilage ; at the same time the cartilage grows out: 

wards for some distance in the membranous wall of the skull, tut 
ft does not mount upwards so as to close it in auporiorly, so that 
the cartilage is linited to the floor of tho skull; moroover, the 
cartilage is not segmented. The roof, aide walla, and anterior wall 
of the cranium retain for time their primordial membranous strac- 
This membrane is prolonged downwards into the face proper, 
whore it forms pair of maxillary lobes or processes, which pane 
forwards beneath the eyes to form tho side parts of the fnoe, and 
 inid- or frontal-nasal process, into which tho cartilsginous mes- 
ethmoid extends. Immediately below erch maxillary lobe four 
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those sognients of the endo-akeleton which constitute the axis of 


tho body and the protective canals of the nervous and vascular 
trunks,” then we may support the vertebral nature of the cranial 
segment on the following grounds:—lLst, The yiresenco of w scries 


tho basi-occipital, basi-sphonoid, pre-sphonoid, mes-cthmoid (Fig. 7); 
‘2d, The presence of « series of neural archos which enclose and 
complete the wall of the cranial cavity, and lie in series with the 
noural arches of the spinal vertebre,—«.g., the ex and supra-oed- 
yitals, which form the neural arches of the basi-oceipital segment ; 
tho all-spbenoids and yarictals, which form tho neural arches of 
the basi-sphenoid segment ; the orbito-sphenoids and frontal, which 
form tho neural arches of the pre-sphenoid segment ; the lateral 
ethmoid and nasal, which form the neural arches of the ethmoid- 
nasal segment; Sd, ‘The presence of n sities of visceral arches of 
which the mandibular and hyoidean encloso the alimentary and vas- 
enlar cunals, just as tho ribs enclose them in the thorax ; und 4c, 
‘The presence of foramina betwven the cranial segments like the inter- 
‘vertebral foramina tetween the spinal vertebree for the tranemission 
of nervea,—e.y, tho sphonoidal fissure and the jugular foramen. 
But if'we ar to regard a vertebra a8 a segment of the axial 
skeleton, which in course of its formation passes through « definite 
eiries of developmental changes, then the cranial segments cannot 
Dereganted as vertebre in the same senso ns the spinal egmenta 5 








they articulate with each other to form 
Each of the three rod-like bones of which the innominate 
composed ossifies from one centre for the shaft of the bone, 
one for each extremity ; in tho iliam these terminal centres are 
situated at the crest and acetabular ; in the ischium, st tho tuber 
and ucotabulum ; nod in the pubis, at tho symphysis and aostabu- 
Tum, Each of the long bones of the shafts of the limbs ossifies 
from « single centre for the shaft, and one or more centres for each 
articular extremity, Each carpal and tarsal bone ossifies from a 
single contre, except the os calcis, which possesses an independent 
contre for its posterior surface. The metacarpal and metatarsal 
bones and the phalanges ossify each from two centres, one for the 
shaft and one for one of the extremities, In the metacarpal bones of 
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tarsal of the groat toe, and in all the phalanges, the proximal end is 
that which ossifies independently. As the method of ossification of 
the first metacarpal and first metatarsal corresponds with that of the 
phalanges, Some anatomists hold that these bones are really the firet 
phalanges of their respective digits, and that the bone which is abernt 
in thove digits, when compared with the other digits, is not « 
phalanx, but « meta-carpal or meta-tareal bone. When the extremity 
of a bone oasifies from a centre distinct from the centre from which 
the whaft arises, itis called an epiphysia. The epiphysis is united to the 
shaft of tho growing bone by an intermedinte plate of cartilage, anil 
so long ns any of this cartilage remains unossified the bone can 
continue to grow in length. The ossification ia not completed in 
tho different bones until from the twentieth to the twenty-fifth 
your, In the case of the long bones, the epiphysis situated at the 
end of the bone, towards which the canal in the shaft which trans- 
imits the nutrient artery is directed, ossifics to the shaft before the 
epiphysis at the other end, In the humerus, tibia, and fibula, 
whore the canal is directed downwards, the epiphyses at the lower 
ends of the bones first unite with the shaft; whilst in the femur, 
radiag, and ulna, whore the canal is directed upwards, the ossifica- 
tion first takes place between tho uppor epiphysis and the shaft, 
All anatomists hold that the bones of the shaft and distal part of 
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is the os intermedinm, found in many mammals, The carpal 
pisiform is a sesamoid bone developed in the tendon of a muscle. 
‘The metacarpal bones and phalanges are homologous with the 
metatarsal bones and phalanges ; the thumb with the great toe, and 
the fingers with the four outer toes. During the growth of the 
limbs outward, and their change from the simple lappet-like form 
to their elongated condition, a rotation of the proximal segment of 
the shaft takes place—that of the upper limb a quarter of a circle 
backward, that of the lower limb a quarter of a circle forward—to 
produce in the former case a supine position of the fore-arm and 
hand, with the thumb as the outermost digit; in the latter case, 8 
prone condition of the leg and foot, with the great toe as the inner- 
anost digit. The range of movement at the radio-ulnar joints 
enables us, however, to pronate the hand and fore-arm by throwing 
the radius acroas the ulna, so as to make the thumb the innermost 
digit. In many quadrupeds the fore-leg is fixed in this position, 
so that these animals walk on the soles of both the fore and hind feet. 
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which prevails in the bones of the head. In old persons 
the sutures become obliterated by the ossification of the 
intermediate fibrous membrane, and the bones are per 


manently fused together, The 
cranial sutures may conveniently 
be arranged in three groups: 


pio Yye-Vertea wetion tbroagh 4» Median longitudinal, consist- 

Foc ieatiietheauiures 1g Of the frontal suture, which 

siete nen * connects the two halves of the 

Sreetgnmen And 'whiek is frontal bone, and the sagittal 

tow meine" suture, between the two parietal 
bones; 6, Lateral longitndinal, consisting, on each 
tide of the head, of the fronto-nasal, fronto-maxillary, 
frontoJachrymal, fronto-ethmoidal, fronto-malar, frouto- 
sphenoidal, parieto-sphenoidal, paricto-squamous, purieto- 
mastoid sutures; ¢, Vertical transverse, consisting of the 
coronal or fronto-parietal, the lambdoidal or parieto-ocei- 
pital, the sphenoido-malar, sphenoido-squamous and occi- 
pito-mastoid sutures (fig, 6). As the skull grows by ossifica~ 
tion of the cartilage of the base and the membranous vault, 
the direction of growth is perpendicular to the margins of 
the bones and the sutures and synchondroses which conneet 
them together. ‘The growth of the skull in length is per- 
pendicular, therefore, to the basi-cranial synchondrosis and 
the vertical transverse group of sutures; its growth, in 
breadth, to the median longitudinal group, and in height 
to the lateral longitudinal group. So long as any of the 
cartilage or membrane between the mangins of the bones 
remains unossified, bone may continue to form, and the 
skull may increase in size, Tt sometimes happens that 
the cartilage or membrane is prematurely ossifled in 
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8 particular locality, and the further growth of the skull 
put a stop to in that 
region ; if the brain 
is still growing, the 
skull must increase 
in other directions to 
allow the necessary 
expansion of the 
cranial cavity, and 
deformities of the 
skull are thereby 
occasioned. One of 
the most usual of 
these deformities is 
due to premature 
closure of thesagittal 
suture, causing stop- 
page of the growth 
of the skull in 
breadth, and, by way 
of compensation, Ellon bring ovis ti et el 

great increase in ite sce of the sagittal satare 

length, so as to produce a very elongated and somewhat 
boat-shaped cranium. 

The movable joints are divided into the amphiarthrodial 
and the diarthrodial jointa) An amphiarthrosis or half- 
joint has only a feeble range of movement. It consists 
of two bones, each of which has its articular surface 
covered by a plate of cartilage, and which plates are 
firmly connected together by an intermediate disc of 
fibro-cartilage. The centre of this disc is soft, or may 

E 
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even by allowed ut into cavity, lined by smoot 


, bands, continuous with the peri 
osteum investing the bones, 
invest the fibro-cartilage, and 
oy assist in binding the bones to- 

Ta gether, The best examples of 

at the setter rr ‘ow, ampbiarthrodial joints are fur- 

Eee “+ nished by the orticalations be- 
tween the bodies of the true vertebra. 

A diarthrosis admits of moro or less perfect moveniont, 

COE eel ie Sp 

of encrusting cartilage, the free 

surface of which is emooth and 

polished ; between these surfaces 

8 a cavity containing a glairy 

fluid, the synoviay for lubricating 

the smooth surfaces of the cartil- 

age and facilitating the movements 

of the joint, This cavity is on- 

#4) closed by Ligaments, which are 

Fra.1f-—Vertioal section attached to the bones, and the 

recat inner eurface of these ligaments 

Seeot eadibene: £4 the 10- ig lined by a synovial membrane 

a which secretes the synovia. Some- 

of the Joist. times a plate or meniscus of fibro- 

cartilage is interposed between, without, however, being 

attached to the encrusting cartilages of a dinrthrodial 

joint, so as more or less perfectly to subdivide the 

cavity enclosed by the ligaments into two spaces The 








beteren the too benes is dominithed, end extensiee when 
the angle is incresed «An important modification of the 
singlyzuus is the serrwed-rurfaced joint, examphes of which 
aro found in the elbow snd sokle; bere the plane of 
Hhexion is not perpendicular, bat oblique to the axis of the 
joint, The maddleshoped and chlong joints are also modi- 
fled hinges, but allow motion about two axes; in the 
oblong beth axes are on the same side of the joint; but in 
the anddle-ahaped there is an axis of rotation on each side of 
the joint, The bext example of the saddleshaped is found 
between the metacarpal bone of the thumb and the trape- 
zum) of the oblong between the forearm and the carpus, 
In the balland-wcket joint 5 spheroids! head fits into o 
cap, and rotation takes place about any diameter of the 
sphure; the joint therefore is multiaxinl; the hip and 
shoulder joints arc the best examples. Some joints, in 
which the forms of the articular surfaces are more complex, 
are called composite; in them the thovementa of a hingo 
and of a ball-andsocket joint may be combined; the knee 
| baa eerie 

Tn ao large number of movable joints only portions of the 
opposite articular surfaces are in contact with each other 
it a given time ; but, as the joint describes its path of 
movomunt, different parts of the surfaces come into contact 
with each other successively, and it is not unusual to find 
the articular surface both of the cartilage and the sub- 
Jacent bono mapped out into distinct areas or facets, which 
are adapted to corresponding facets on the opposite arti- 
cular @urface in particular positions of the joint, When 
the corresponding facets on opposite articular surfaces 
break contact with each other, the space between becomes 
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tremities, one of which is the Aead or the origin, the other 


“Tho rectus mmaclo 

fie tah: to show 
thaconoatacas parts of 

onesie. It the fleshy 
‘belly ta tendon of ort= 

2a; A feadon af inser. 


sary of sul 
| Brie parla 


the insertion, The belly is the fleuhy 
part of the muscle, and possesses a 
deep-red characteristic colour; it isthe 
active contractile structure, the source 
of motor power. ‘The two extremities 
are called the tendons of the musele, 
or sinews; the tendons are bluish- 
white in colour, possess no power of 
contractility, and are merely, a it 
were, the ropes by which the belly 
of the muscle is attached to the bone 
or other structure which is moved by 
its contraction. The term tendon of 
origin, applied to one extremity of the 
muscle, signifies the fixed end of the 
musele, that to which it draws daring 
its contmetion; as a rule this is the 
end nearest the trunk, the proximal 
end, The term tendon of insertion is 
applied to the end which is moved by 
the contraction; as a rule this is the 
end most removed from the trunk, 
tho distal end. Entering the sub- 
stance of each muscle is at least 
one artery, which conveys blood for its 
nutrition; this artery ends in a net- 
work of capillary blood-vessels, from 
which a vein arises and conveys the 


5 blood out of the muscle again; an- 
"other small vessel, called a lymphatic, 
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tauscle is so placed that its tendon of insertion is perpen- 
dicular to the bone to which it is attached, it acts to great 
advantage; when placed obliquely or nearly parallel, « lows 
of power occurs. Many muscles at the commencement of 
contraction lie obliquely to the bones which they move, 
‘but as contraction goes on they become more nearly per- 
pendicular, #0 that they act with more advantage near 
the close than at the commencement of contmction, If a 
muscle passes over only one joint, it acts on that joint only; 
but if it passes over two or more joints, it acts on them in 
smocession, beginning with the joint next the point of 
insertion, A given movement may be performed by the 
contraction of a single muscle, but as a rule two or more 
amuscles are associated together, and they are not unfre- 
quently so arranged that one mmscle initiates the move- 
ment, which is then kept up and completed by the rest. 
Muscles producing movement in one direction have opposed 
to them muscles which by their contraction effect the 
opposite movement; when both groups act simultaneously 
and with equal force, they antagonise each other, and no 
motion is produced; when a muscle is paralysed or divided, 
its antagonistic muscle draws and permanently retains the 
part to its own side, The rapidity of action of a muscle is 
proportioned to the length of its fasciculi, its power of 
‘contruction to their number, 

Each musclo is invested by a sheath, the perimynium, 
formed of connective tissue. In the limbs and in the neck 
not only has each muscle a sheath, but a strong fibrous 
membrane envelopes the whole of the museles, and assists 
materially in giving form and compactness to the region. 
‘This membrane is called generally a fascia or muscular 
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The Intervertebral Joints are complex in construction. 
‘The bodies of the true vertebree are connected together by 
an amphiarthrodial joint: the fibro-cartilaginous plate or 
intervertebral disc is tough and fibrous in its poripheral 
part, but soft and pulpy within, (Fig, 15.) Remains of the 
chorda dorsalis are said to occur in the soft pulp, and some- 
times a distinct cavity, lined by a synovial membrane, is 
found in the centre of the disc, which in the finner whales 
is expanded into a large central cavity containing many 
ounces of synovia, A dinrthrodial joint connects the supe- 
rior and inferior articular processes of adjacent vertebrs on 
eachside. Elastic yellow ligaments, the ligamenta ahflaea, 
pass between their lamina, Jnter- and supro-epinowa liga- 
ments connect adjacent spinous processes, and in the neck 
the supra-spinous ligament forms a broad band, the figa- 
mentum nuckar, In those mammals which possess big 
heads or heavy horns, this ligament of the back of the 
neck forms a powerful elastic band for the support of the 
head. The joints between the atlas and axis, and the 
atlas and occiput, are specially modified in connection with 
the movements of the head on the top of the spine. The 
intervertebral discs are absent, and the range of movement 
either from before backward, a3 in nodding the head, or 
from side to side, as in looking over the shoulder, are 
more extensive than between any of the oper true vertebrie. 
‘The head rotates along with the atlas around the odontoid 
or pivot process of the axis, which is lodged between the 
‘anterior part of the atlas and a strong transverse ligament 
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erect position, and they are assisted by emall inter-spinal 
muscles, situated between the spines in the cervical and 
Jumbar regions, iss opie hen Sa 
and longi colli muscles; and the straight muscles of the 
abdomen, inserted into the lower trae ribs, amist in this 
movement. ‘The screwing movements of the spine are 
effected by a series of muscles arranged in layers, the 
fibres of which pass obliquely from below upwards and 
inwards, between the laminmw and spines of adjacent verte- 
bre, and aro known as the semispinales, multifidi, and 
rotatores spine miusclea, 

‘The head is balanced on the summit of the spine, and 
is maintained in a quiescent position without any appre- 
eiable muscular action, but it can be moved in various 
directions by the muscles inserted into ita hones, The 
nodding movements of the bead on the atlas are due to 
the posterior recti, the two superior obliques, the two 
splenii, and the two complexus museles, inserted into the 
supm-occipital, which draw the head backwards; and the 
anterior recti, insorted into the basi-cccipital, and sterno- 
cleido-mastoid muscles, inserted into the mastoid pro 
cesses, which draw it forwards. When the right splenius, 
right greater posterior rectus and inferior oblique act along 
with the left complexus and sternomastoid, the head is 
rotated to the right shoulder; the opposite rotation being 
due to the action of the corresponding muscles on the 
other side of the neck. 

Tn the formation of the walls of the abdomen proper, 
hones and joints play but a small part. Tho lumbar 
vertebra behind, the expanded wings of the iliac bones 
below, and the false ribs above, are the only bones to be 


Ay 
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cireumference from the xiphi-sternum, cartilages of six 
lower ribs, arcuate ligamenta, and by its two crum from the 
bodies of the four upper lumbar vertebra: forms the floor of 
the thoracic and the roof of the abdominal cavity. It con- 
stitutes a great arch, with ita convexity directed to the 
cavity of the chest, By the contraction of its fibres, which 
are inserted into a trefoil-shaped central tendon, the arch 
is rendered less convex, and the floor of the chest ix 
thereby depressed. Under circumstances which require 
more powerful efforts of inspiration, the muscles which 
pass from the walls of the chest to the upper limbs may, 
by taking their fixed points at the limbs,‘act os elevators 
of the ribs. During expiration the ribs are depressed, 
their lower borders inverted, the width of the intercostal 
spaces diminished, the sternum depressed, the spine more 
curved, and the diaphragm more convex, These move- 
ments are principally due to the recoil of the elastic tissue 
of the lungs previously rendered tense by the inflation of 
the aircells, and to the untwisting of the riba when the 
inspiratory muscles cease to elevate and rotate them 
Muscular action plays but a small part in quiet expiration, 
but the expulsion of the air from the lungs may be facili- 
tated hy contracting the abdominal muscles, which, by 
pressing the abdominal viscera against the under surface 
of the diaphragm, force that muscle upwards, 

The Temporo+naxillary Joints are the only diarthrodial 
articulations in the head. The condyle of the lower jaw on 
each side is received into the glenoid fossa of the temporal 
bone; each joint is enclosed by a capsular ligament, and 
between the articular surfaces is a meniscus, which sub. 
divides the interior of the joint into two cavities, each lined 
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hyoid bone and larynx nmst be considered, for the digastries, 
the genio- and mylo-hyoids, which, when their fixed enda 
are at the hyoid, depress the lower jaw, act, when their 
mandibular ends ure fixed, along with the stylo-hyoid 
muscles in elevating the hyoid bone and larynx. Those 
structures are depressed or drawn downwards by the action 
of the sterno-hyoids, sterno-thyroids, thyro-byvids, and 
omo-hyoids, The elevation of the hyoid, when drawn down 
by its depressor muscles, is also effected by the elastic 
stylo-hyoid ligaments attached to its small cornua, which, 
by their recoil when the depressor muscles have ceased 
to contract, draw the bone up to its former position, 
Numerous muscles are situated immediately beneath the 
skin of the sealp and face, They are not of so deep red a 
colour ns the muscles of the trunk and limbs, and whilst 
they arise from one or other of the bones of the head, they 
are inserted into the deep surface of the skin itself, Hence 
when they contract they move the skin of the scalp and face, 
and as they are the instruments through which the various 
passions and emotions are expressed, they are grouped 
together as the Ifwacles of Expression, The occipito- 
frontalis, or great muscle of the scalp, passes from the 
occipital bone over the vertex to the forchead; when 
it contracts, the skin of the forchead is wrinkled trans- 
versely, the eyebrows are elevated, and an expression of 
amazement or surprise is produced. Some persons have a 
greater power over this muscle than others, and by the alter- 
nate contraction of its occipital and frontal portiona can 
move the hairy scalp to and fro with great rapidity. A pair 
of museles, the corrugatores supercilii, arises from the supra 
ciliary ridges, on tho frontal bone, to be inserted inte the 
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respiration is from any cause impeded, the nostrils ure 
always widely dilated. One of these elevator muscles, 
which also sends a slip down to the upper lip, and is con- 
sequently called the common elevator, is the muscle by 
the contraction of which a sneer ia expressed. A partial 
closure of the nostril can be effected by small muscles 
which depress and compress the ale of the nose; in mati 
these muscles are rudimentary as compared with the seal 
and other aquatic mammals, in which a powerful sphincter 
muscle closes the nostrils in the act of diving. The lips 
can be elevated or depressed so a8 to close or open the 
mouth ; they ean be protruded or retracted, or the corners 
‘of the mouth can be drawn to one side or the other, by 
the action of various muscles which are inserted into 
these movable folds of the integument, The orbicularis 
oris is a sphincter muscle, the fibres of which lie beth 
in the upper and lower lips; by its contraction the 
month is closed and the lips pressed against the teeth, 
ox when a firm resolution is intended to be expressed. 
‘The mouth is opened by the elevator muscles of the upper 
and the depressors of the lower lip ; it is transversely elon- 
gated by the zygomatic and risorius muscles, which pass to 
its corners, and which are brought into action in the acts 
of smiling and laughing, But the muscles of the lips also 
play an important part in connection with the reception 
of food into the mouth, and with the act of articulation. 
‘The cavity of the mouth forms the commencement of 
the alimentary canal, and is lined by a soft mucous mem- 
brane. In it the toeth and tongue are situated, and 
into it the secretion called saliva is poured. It opens 
behind into the pharynx. The side walls of the mouth 
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pharynx are continuous with each other, whilat in front 
the buccinator blends with the structures in the lips, It 
compresses the cheeks, and drives the air ont of the cavity 
of the mouth ns in playing a wind instrument ; hence the 
namo, “ trampeter’s muscle,” 

‘The aperture of communication between the mouth and 
pharynx is named the isthiue of the fawees, Ttis bounded 
below by the root of the tongue, on each side by the tonsils, 
and above by the soft palate, The soft palate isa stracture 
which hangs pendulous from the posterior edge of the hard 
bony palate. From its centre deponds an elongated body, 
the weu/a, and from each of its sides two folds extend, one 
downwards and forwards to the tongue, the other down- 
wards and backwards to the pharynx, These folds are 
called the anterior and posterior pillars of the fauces or 
palate. Between the anterior and posterior pillar, on each 
side, the fonsil is seated. ‘The soft palate and its pillars are 
invested by the mucous lining of the mouth and pharynx, 
and contain small but important muscles. The muscles of 
the soft palate and uvula, termed the elevators and tensors, 
raise and make them tense during the process of deglutition. 
The muscles of the posterior pillars, or palato-pharyngei, by 
their contraction, approximate the walls of the pharynx to 
the soft palate and uyula, whilst the muscles of the anterior 
pillars, or palato-glossi, diminish the size of the fauces, 

The pharynx is a tube with muscular walls, lined by a 
mucous membrane, which communicates above and in front 
with the cavities of the nose, mouth, and larynx, whilst 
below it is continuous with the esophagus or gullet, It 
terves as the chamber or passage down which tho food 
goes from the mouth to the csophagus in the act of 
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the larynx, from the hyoid bone, lower jaw, and internal 
pterygoid processes of the sphenoid; whilst the superior 
pair also spring from the pterygo-maxillary ligamenta; their 
fasciculi curve backwards to the middle line of the posterior 
wall of the pharynx, to be inserted into a tendinows band 
which extends longitudinally along this wall of the tube 
to be attached above to the basi-occipital. 

‘The action of the musclea of the mouth, palate, and 
pharynx may now be considered in connection with the 
process of deglutition or swallowing. When the food ix 
received into the mouth, it is moistened by the secretion of 
the salivary and other buceal glands, and is broken down 
by the grinding action of the molar teeth, The buecinator 
muscles pross it from between the gums and the cheeks, 
and, along with the movements of the tongue, aid in col- 
lecting it into a bolus on the surface of that organ, Dur- 
ing the process of mastication the palato-glossi contract so 
a8 to close the fauces. Whon the bolus is sufficiently tritu- 
rated and moistened, the palato-glossi relax, the tip of the 
tongue is pressed against the roof of the mouth, and by a 
heave backward of that organ the bolus is preased through 
the posterior orifice of the mouth into the pharynx, where 
it is grasped by the superior constrictor muscles, and forced 
downwards by them and the other constrictor muscles into 
the cesophagus, and thence into the stomach. As both 
the nose and larynx open into the pharynx, the one imme- 
diately above, the other immediately below the orifice of 
the mouth, it is of great importance that none of the food 
should enter into these chambers, and obstruct the respira- 
tory passages. To guard against any accident of this kind, 
two valvular structures are provided,—viz, the soft palate 
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single chamber to the very different functions of breathing 
and swallowing is effectively provided for. 


Jouxrs AND Moscres or tar Urren Linn 


Tho upper limb is jointed to the trunk at the alerno- 
clavicular articulation. This is a diarthrodial joint: the 
bones are retained together by investing ligaments; and a 
meniseus is interposed between the articular surfaces, 80 
that the joint possesses two synovial membranes. A strong 
eorto-elavicular ligament, which checks too great upward 
movement, connects the clavicle and first rib, and the 
inner ends of the clavicles are connected by the tnter- 
elavicwlar ligament. The two bones of the shoulder girdle 
articulate with each other at the diarthrodial acromio- 
caviewlar joint, which possesses a capsular ligament; but, 
in addition, a strong coraco-clancular ligament, which 
checks too great displacement of the bones, passes be- 
tween the clavicle and corevid. The movements of the 
upper limb on the trank take place at the sterno-elayicular 
joint, and consist jn the elevation. depression, and forward 
and backward movement of the shoulder, The movements 
ft the acromio-clavicular joint occur when the scapula is 
rotated on the clavicle in the act of elevating the arm 
above the head. The muscles which cause these move- 
ments are inserted into the bones of the shoulder girdle; 
the trapezius into the clavicle, acromion, and spine of the 
scapula; the rhomboid, levator anguli scapule, and serratus 
magnus into the vertebral border of the scapula; the pec- 
toralis minor into the coracoid process; and the subclavius 
into the clavicle. Elevation of the entire shoulder, as in 
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single chamber to the very different functions of breathing 
and swallowing is effectively provided for. 


Jorsrs AND Muscirs or THE Upper Lian. 


The upper limb is jointed to the trunk at the eerno- 
clavicular articulation. This is a diarthrodial joint: the 
bones are retained together by investing ligaments; and 4 
meniseus is interposed between the articular surfaces, 80 
that the joint possesses two synovial membranes. A strong 
costo-clavicular ligament, which checks too great upward 
movement, connects the clavicle and first rib, and the 
inner ends of the clayicles are connected by the inter: 
claviewlar ligament. The two bones of the shoulder girdle 
articulate with each other at the diarthrodial acromio- 
clavicular joint, which posseases a capsular ligament; but, 
in addition, a strong corweo-clariewlar ligament, which 
checks too great displacement of the bones, pnases be- 
tween the clavicle and comeoid, The movements of the 
upper limb on the trunk take place at the sterno-clavicular 
joint, and consist in the elevation. depression, and forward 
and backward movement of the shoulder. The movements 
at the acromio-clavicular joint occur when the scapula is 
rotated on the clavicle in the act of elevating the arm 
above the head. The muscles which cause these move- 
ments are inserted into the bones of the shoulder girdle; 
the trapezius into the clavicle, acromion, and spine of the 
scapula; the rhomboid, levator anguli scapule, and serratus 
magnus into the vertebral border of the scapula; the pec 
toralis minor into the coraeoid process; and the subclavins 
into the clavicle. Elevation of the entire shoulder, as in 
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ward movement to the latissimus and teres major; rota- 
tion outwards to the infra-spinatus and teres minor; 
rotation inwards to the subscapularis, pectoralis, latisai~ 
mus, and teres major. A combination of abxtuction, 
movement forwards, adduction, and movement backwards, 
produces the movement of circumduction. Certain move- 
ments of the upper limb, however, take place not only 
at the shoulder joint, but between the two bones of the 
shoulder girdle; for in elevating the arm, whilst the supr- 
spinatus and deltoid initiate the movement at the shoulder 
joint, the farther elevation, as in raising the arm above the 
head, takes placo by the trapezius and serratus, which 
rotate the scapula and draw its inferior angle forward. ‘The 
free range of movement of the human shoulder is one of 
its most striking characters, 
#0 that the arm can be moved 
in every direction through 
space, and its efficiency as an 
instrument of prehension is 
thus greatly increased. The 
movement of abduction, or 
extension, which elevates the 

Pia, %2.—Oullive sketeh of human bu ‘ i “ a) 
mers. The articular area for com- arm in line with the axis of 

Totedling cane oedis the scapula, is characteristi- 
cally human, and a distinct articular area is provided on 
the head of the humerus for this movement, 

The £lbow Joint is the articulation between the humerus, 
radius, and ulna: the great sigmoid cavity of the ulna is 
adapted to the trochlea of the humerus, and the cup of 
the mudius to the capitellum. ‘The joint is enclosed by a 
capsular ligament lined by a synovial membrane, which is 
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thumb; they are inserted into either its metacarpal bone 
or phalanges, The thumb is extended and abducted, 
ie, drawn away from the 
index, by three extensor 
muscles descending from the 
back of the forearm, and 
inserted one into the proximal 
end of each of its three bones, 
and a small muscle, specially 
named abductor pollicis, in- 
serted into the radial sideof the 
base of the first phalanx : its 
bones are bent on each other 
by a long and short flexor 
muscle ; the long is inserted 
into the base of the second, the 
short into the base of the first 
phalanx; it is drawn back to 
the index by an adductor 
muscle inserted into the ulnar 
side of the base of the first 
Mba ied turn pil ct phalanx; and the ontire 


jonens; 3 wnd 4y_sube 

Sivnnn afvacs rein: "see thurnb is thrown across the 
ctor; 6 tendon of long flexo: 

$f thm | 7, stadia of the | uurface of the palm by the 

Huger: 8 short flexor ; 9, opponen oe eah & 

Ti tendon of flexor carpt winars 4; Opponens pollicis, which is 


21. tendon of ong supinstor 
(eomeverse metacarpal games 


metacarpal bone. 

The four fingers can be either bent, or extended, or 
dmwn asunder, i¢., abducted; or drawn together, te, 
addueted. ‘The ungual phalanges can be bent by the 
action of the deep flexor musele, the four tendons of which 


" inserted into the shaft of the 
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phalanges ; the extenaor muscles descend from the back of 
the fore-arm,—one, the common extensor, subdivides into 
four tendons, one for each finger, but in addition the index 
and little have each a separate extensor muscle, the tendon 
of which joins that of the common extensor passing to the 
same finger. The index finger posseses more indepen- 
dent movement than the other digite—hence its more 
frequent use as a “ pointer;” the extensor tendons of 
the little and ring fingers are usually united together, 
xo that these digits are associated in their movements, 
Abduction and adduction of the fingers are caused by 
seven small muscles situated in the intervals between 
the metacarpal bones,—hence called intercesel; four of 
these lie on the back of the hand, three on its palmar 
surface; they are inserted into the sides of the first 
phalanges, and cither pull the fingers away from a line 
drawn through the middle finger or approximate them to 
that line. ‘Too great abduction is checked by the trans- 
verse metecarpal ligament. The human hand isa perfect in- 
Strament of prehension; not only can the individual fingers 
be bent into hooks, but the thumb can be thrown across the 
front of the palm, so that it can be opposed to the several 
fingers, and objects can therefore be grasped between it and 
them ; but further, this power of opposing the thumb permits 
objects to be held in the palm of the hand, which may be 
hollowed into a cup or made to grasp a sphere. The 
movements of the joints are indicated on the surface of 
the palm by tegumentary folds,—an oblique fold for the 
thumb, and two oblique folds for the metacarpo-phalangeal 
joints of the fingers; the joints of the second and third 
phalanges aro also marked on the surface by folds, 
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faces, The ligament is lined by a synovial membrane, 
which also invests the neck of the thigh bone. Within 
the joint is the round or suspensory ligament attached 
to the head of the thigh bone and to the sides of the 
depression at the bottom of the acetabulum. Whilst the 
hip joint posses considerable mobility, it hos much 
more stability than the shoulder, owing to the aceta- 
bulum being deeper than the glenoid fossa, and the greater 
strength and tension of the fibres of its capsular ligament. 
The muscles which move the thigh at the hip joint are 
situated either behind the joint, where they form the 
fleshy mass of the buttock, or at the front and the inner 
tide of the thigh. They ore inserted either into the 
femur or fascia lata, and tho great and smal! trochanters 
‘and linea aspera serve as their principal eurfaces of attach- 
ment, The thigh can be bent on the abdomen by the 
action of the psoas, iliacus, and pectineus, which lie in 
front of the joint; it can be extended or drawn into 
line with the trunk by the gluteus maximus and medius > 
it cin be abducted or drawn away from the opposite thigh 
by the gluteena maximus, medins, and minimus, which 
muscles are of lange size, and form the fleshy mass of the 
buttocks, It can be adducted or drawn to touch ita 
fellow, or, if slightly bent, drawn in front of ita fellow, by 
the adductor longus, brevis, and magnus, which muscles are 
inserted into the linea aspera, and form the fleshy mass on 
the inner side of the thigh; and by the pectineus and quad. 
ratus femoris. It can be rotated outwards by the obtumtor 
and gemelli muscles, the gluteus maximus, pyrifornis, and 
quadratus femoris; and rotated inwards by the gluteus 
moins, miniznus, and tensor fascite femoris, In standing 
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the femur, whilst the condyles of the femur roll upon the 
semilunar cartilages and articular surfaces of the tibia, 
A powerful investing ligament, which is subdivided into 
hands, encloses the articular surfaces, One band lies on 
tach side of the joint, viz, the internal and external lateral 
ligaments; one behind, a posterior; and one in front, an 
anterior ligament. The anterior extends from the patella to 
the anterior tubercle of the tibia, and serves both as a 
ligament and as the tendon of insertion of the extensor 
mauscles of the leg. Within the investing ligament two 
interarticular or crucial ligaments pass from the inter- 
condyloid fossa to the upper surface of the tibia; and 
interposed between the tibia and femoral condyles are 
two menisci, which from their shape are called the semi- 
hunar cartilages, The synovial membrane not only lines 
the investing ligamenta, but covers the front of the femur 
for some distance above the trochlea, and forms folds or 
pads within the joint itself, which in certain movements 
are interposed betwoen the articular surfaces of the bones. 
‘The movements at this joint are those of flexion and exten- 
sion. ‘The flexors are the three great muscles on the back 
of the thigh, called the ham-strings ; they all arise from 
the ischial tuberosity, and are inserted—the biceps into 
tho head of the fibula, the semi-tendinosns and semi-mem- 
branosus into the upper end of the tibia. The extensors 
form the fleshy mass on the front and outer side of the 
thigh; one muscle, the rectus, arises from the ilium—the 
others, the vasti, from the shaft of the femur; and they are 
all inserted by a powerful tendon into the patella, and 
through the anterior ligament of the knee into the tibia. 
The patella is indeed a sesamoid bone, developed in the 


Lh 
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ends of the bones posses investing ligaments lined by 
synovial membrane, and a strong interosseous lignment 
binds together the lowor ends of the tibia and fibula, An 
interosseous membrane fills up the interval between their 
shafts, The movement between the two bones is almost 
inappreciable. 

The Ankle Joint is formed by the convex upper and the 
lateral surfaces of the astragalus fitting into the concavity 
formed by the lower end of the tibia and the two malleoli. 
An investing ligament, lined by synovial membrane, 
encloses the joint; the lateral portions of this ligament 
form distinct bands, and are much stronger than the 
anterior and posterior fibres. A diarthrodial joint also 
exists between the astragalus and os calcis, between which 
bones u powerful interosseous ligament passes. Between 
the astragulus and scaphoid, and the os calcis and cuboid, 
important diarthrodial joints are found, which are enclosed 
by ligamentous bands. The astragalo-scaphoid joint is 
completed below by the strong inferior calcaneo-scaphoid 
ligament, on which the head of the astragalus rests. The 
remaining tarsal bones are connected together usually by 
dorsal, plantar, and interosseous ligaments, and 9 similar 
mode of union is found between the distal row of tarsal 
bones and the metatarsals, excopt between the great toe and 
ento-cuneiform, where there is no interosscous ligament. 
The four outer metatarsals are also connected at their 
proximal ends by distal, plantar, and interosseous liga- 
ments; and further, a transverse metatarsal ligament 
passes between the distal ends of all the metatarsal 
bones, The metatarsal bones articulate with the pha- 
Janges, and the phalanges with each other, in o similar 








106 ANATOMY. 


into the metatarsal bone of the little toe, the longus into 
the plantar surface of the metatarsal bone of the great toc, 
The individual toes are bent on the sole by the action of 
the flexor muscles inserted into the plantar surface of the 
phalanges, and they are straightened by the extensor 
muscles inserted into their dorsal surfaces; the toes also 
can be drawn asunder or abducted, and drawn together 
or adducted, chiefly by the action of the interossei 
muscles, The hallux or great toe is the most im- 
portant digit; a line prolonged backwards through it to 
the heel forms the proper axis of the foot, and the sole 
chiefly rests upon the pads of integument situated beneath 
its metatarso-phalangeal joint and the heel. The hallux 
is much more restricted in its movements than the thumb: 
the configuration of its tarso-metatareal joint and the attach- 
ment to it of the transverse metatarsal ligament prevent 
the great toe from being thrown across the surface of the 
sole a8 the thumb is thrown across the palm in the move- 
ment of opposition; an object can, however, be grasped 
between the hallux and second toe by the action of its 
adductor muscles, and persons can be trained to write with 
a pen or pencil held in this position. 

‘The act of walking consists in the movement forwards 
of the trunk by the alternate advancement of the lower 
limbs. Suppose a person to be standing erect, with one 
leg a little in advance of the other; the body, being 
inclined slightly forwards, is pushed in advance by the 
extension of the hindmost limb, so that the weight falls 
more and more upon the advanced leg, which at the same 
time is shortened by bending the knee and ankle, Tho 
heel of the hindmost limb being then mised by the action 








myotomes, which equal in number the vertebre. 

wre separated from each other by bands of Abrous time, the Ynter+ 
musoutar septa, In man and the higher vertebrates the simple 
‘trnsversely wegmented arrangement is too large extent lost, Traces 
aro preserved, however, in the interspinales and intertransversales 


which tendinous bends subdivide the muscle into svural transverse 
segments More usually, the intermuscular septa either are not 
fortnod or disappear, and adjacent myotomes become blended into a 
vontinuous mass of muscle, In some instances the fibres of this 
muscle run longitudinally, and the entire mass subdivides Jougi- 
‘tuidinally into separate and distinct parallel musoles, as is soon in 
the subdivision of the great erector sping into the sacro-lumbalis, 
rnuscalne accessorins, cervicalis ascendena, longissimus dorel, trans- 
vermalis corvicis, trachelo-mastoid, and spinalis dorsi muscles. In 
other instances the muscles run obliquely ; some on the back of 
tho body pass obliquely from below upwards and outwards, ws the 
splenius and, obliquus inferior ; others obliquely from below, up- 
wanls and inwanls, as the complexus, obliquus superior, semi- 
spinalis, maltifidus and rotatores spine ; others again, aa the external 
and internal oblique muscles of the abdomen, extend obliquely from 
behind forwards to the ventral mesial line. 

‘Of the hypo-skelotal group of musclea, the internal intervostals dis- 
play the transverse segmentation. As a rulo, however, the muscles 
of this group extend Jongitudinally, and form the pre-vertebral group, 
named anterior recti, longi colli, and prow ; though the diaphragm, 
‘triangulares sterni, transversi abdominis, and levatores ani, which 
lie in relation to the inner surfaces of the ribs and visceral cavities, 
are not longitudinal, but are specially modified in arrangement for 
functional reasons, The plane of demarcation between the hypo- 
and eplskeletal groups of muscles, where they form together the 
Walls of the great visceral chambers,—tho thorax and abdomen,— 
{+ marked olf by the position and course of the intercostal series of 


spinal nerves 
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‘The musclesattached to the appendicular skeleton are either limited 
to the limbs (purely appendicular, therefore), or pass from the axial 
part of the body to the limb (axi-appendicular). The axi-appen- 
dicular group are undoubtedly prolongations of the axial system of 
muscles. They are in the upper limb derived from the epi-skelctal 
subdivision, and form the trapezius, rhomboid, levator anguli 
scapule, Istissimus dorsi, subclavius, serratus magnus, and greater 
and smaller pectoral muscles. In the lower limb they are in part 
derived from the hypo-skeletal subdivision, and form the psoas and 
pyriformis; and in part, as the gluteus maximus, from the epi- 
skeletal subdivision. It is not improbable that the purely appen- 
dicular muscles are also prolongation of the axial system, and that 
as the limbs, in their development from their fundamental bud- 
Tike Isppets, undergo both a transverse and a longitudinal seg- 
mentation, so the muscular mass, prolonged into them, differen- 
tiates both transversely and longitudinally into a motor apparatus, 
fitted for the performance of the special functions of each extremity. 


CHAPTER IIl. 


ANATOMY OF THE TEXTURES OR TISSUES. 


Inrhopucrory. 


Broke proceeding to the description of the other organic 
systems of which the human body is built up, it may be 
well to enter into the consideration of the minute or 
microscopic structure of its constituent parts. ‘These parts 
may primarily be divided into fluids and solids The fluids 
are the blood, the lymph, the chyle, the secretions of the 
various glands, and of, the serous and synovial membranes, 
The solids form the framework of the several organic 
systems, and assume different appearances in different 
localities. Sometimes they are arranged in compact solid 
masses, a3 in cartilage ; at others they are elongated into 
fine threads or fibres, as in muscle, tendon, nerve; at 
others they are expanded into thin membranes, as in the 
fascim or aponouroses, the serous, synovial, and mucous 
membranes; at others they are hollowed out into distinct 
tubes for the conveyance of fluids, as in the blood-vessels, 
the lymph and chyle vessels, and the ducts of glands. To 
the solids of the body, whatever their form may be, the 
general name of Tissurs or Textures is applied, Each 
organic system may be regarded as in the main composed 
of a tissue or texture peculiar to and characteristic of it- 
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of each tissue and organ—into the special part which each 
plays in the animal economy—bur the consideration of 
their properties as living stractures. It would be out of 
place in this work to enter into a discussion of the mean- 
ing of the term Lirx, or Lrvixo, or to attempt an analysis 
of the various definitions of the term which have been 
spggested from time to time by different philosophers, 
Tt will suffice for our present purpose to adopt the old 
Aristotelian definition, and to speak of Life as the faculties 
of self-nourishment, self-growth, and self-decay. All the 
tissues, over and above the special properties which they 
possess, have the power of growing, and of maintaining 
themselves in full structural perfection and functional 


activity for a given period of time. After a time they 
begin to exhibit signs of diminished perfection and activity, 
they degenerate or decay; ultimately they die, and the 
entire organism of which thoy form the constituent parts 
is resolved by the putrefactive process into more simple 
forms of matter, 


Geverat ConstpErations on Cents, 


The simplest form af organic matter capable of ex- 
hibiting the phenomena of life is called Cyto-blastema or 
Protoplasm. It possesses a viscous or jelly-like con- 
sistency. Under the highest powers of the microscope it 
seems to be homogeneous, or dimly granulated, like a 
sheet of ground glass. Not only can it assimilate nutri- 
ment and increase in size, but it possesses the power 
of spontancous movement and contractility. It enters in 
4 very important manner into the structure of the bodies 
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given the general name of a Cytode. Sometimes a cytode 

is a naked clump of soft protoplasm, without a trace of 

differentiation cither on fits surface or in its substance, as 

in the frecly-moving Monera; at others the peripheral 

part of the cytode hardens, and differentiates into a more 

or less perfect envelope, as in the genera Protomonas and 

Protomyxa, So far back as 1861, Lionel Beale had de- 

scribed, under the name of germinal matter (Bioplaem), 

minite living particles of vegetable protoplasm, and in 

1863 he demonstrated the presence of extremely minute 

particles of living matter in the blood. More recently 

Stricker has also called attention, in the bodies of the 

higher animals, to minute detached clumps of protoplasm 
which exhibited the phenomena of life, 

As a rule, however, in both vegetable and animal 

organisms the specks or clumps of protoplasm assume 

definite shapes, and show evidence of an 

internal differentiation. In the midst of a 

minute clump of this substance a sharply- 

| defined body called a nucleus is found, 

which differs from the surrounding proto- 

plasm in not being contractile; and some- 

times a minute speck, or nucleolus, exists 

within the nucleus, When a definite clamp 

Fa.20—Asimole of protoplasm contains a nucleus in its in- 


oe 
ciated '# terior, whether a nucleolus be preeent ot 
fubeinvee 4% not, it is called a Nucleated Cell (Fig, 
SS 26). Cells ‘aro definite anatomical and 
physiological units, and exhibit all the phenomens of 
life. Some of the lowest organisms consist merely of a 


single cell, others of two or more cells united together, 
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which was thus the source of successive broods of young 
cella, ‘They gave to the nucleus, therefore, an importance 
in the economy of the cell greater than had previously 
been assigned to it, 

As the investigations into cell structure became more 
extended, it was ascertained that a cell wall was by no 
moans always present; that in many of the cells in which 
it had boon supposed to exist it could not aatisfactorily be 
demonstrated, and that in others, more especially in young. 
actively-growing cells, no trace of an investing envelope 
could be observed. Hence the importance of the cell wall as 
an essential component of a cell was still further diminished ; 
and Leydig then defined a cell to be little mass composed 
of a soft substance enclosing a central nucleus, 

But a most important advance in our conceptions 
of the essential structure of a cell was made when 
Briicke pointed out that the contents of cells riot unfre- 
quently possessed the property of spontaneous move- 
ment and contractility, and when Max Schultze deter- 
minod that the contmctile substance termed sarcude, 
which forms so large a part of the bodies of the lower 
snimals, was analogous and apparently homologous with 
the contents of young actively-growing animal and vege- 
table cells, beforo a differentiation of these contents into 
special secretions or other materials had taken place. As 
the term “protoplasm” had been introduced by Von Moh! 
to express the contents of the vegetable cell, which under- 
goes changes in the process of growth, it was adopted by 
the anima! histologist; and Max Schultze suggested 
that a cell should be defined to be a nucleated mass 
of protoplasm,—a definition which is adopted in this 








118 ANATOMY. 


organisms, however different, and that this principle is 
the formation of cella.” The ovum is the primordial or 
fundamental cell, or germ-cell, from which, after being 
fertilised by the male sperm, the tissues and organs of 
the animal body are derived. Within the fertilised 
ovam multiplication of cella takes place with great 
rapidity. Tt is as yet an unsettled question how far the 
original nucleus of the ovum participates in this process 
of multiplication; but there can be no doubt that the 
protoplasm cell contents divide, first into two, then four, 
then eight, then sixteen segments, and so on in multiple 
proportion. Each of these segments of protoplasm con- 
tains a nucleus—is, in short, a nucleated cell, and the 
protoplasm of these cells exhibits the property of oon 
tractility. The ovum or germ-cell ix therefore the imme- 
diste parent of all the new cells which are formed within 
it, and mediately it is the parent of all the cella which, 
in the subsequent processes of development and growth, 
are descended from those prodneed by the segmentation 
of the yelk. The process of development of young cella 
within a parent cell, whether it occurs in the ovum or in 
a cell derived by descent from the ovum, is called the 
endogenowa reproduction of cells, But cells may multiply 
by a process of fisrion—i.e., a constriction, gradually deep- 
ening, may take place ina cell nntil it is subdivided into 
two; the nucleus at the eame time participating in the 
constriction and subdivision. A third mode of multipli 

tation of cells is by budding + little clumps of protoplasm + 
bud out from the protoplasm of the parent cell, become 
detached, and assume an independent vitality, If a 
nucleus differentiates in the interior of such a clump, it 
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taneouily generated, But the evidence which has 
been advanced in support of this hypothesis is by no 
means satisfactory or conclusive, whilst the correctness 
of the theory of the direct descent of protoplasm from 
pre-existing living protoplasm is supported by thou- 
sands of observations made by the most competent in- 
quirers, 

In the process of conversion of protoplasm into the 
several tissues, a differentiation of form and structure 
(2, a morphological or histological differentiation), and 
‘of composition a chemical differentiation) takes place, 
the result of which is a physiological differentiation, and 
tho tissues and organs become adapted to the performance 
of special functions, Hence arise the several forms of 
tissue which occur in the human body and in the higher 
Animals, Many of the tissues consist exclusively of cells, 
which present in different parts of the body characteristic 
modifications in external configuration, in composition, 
and in properties, as may be seen in the fatty tissne, pig- 
mentary tissue, and epithelium. Other tissues, again, 
consist partly of cells, and partly of an intermediate 
material which separates the constituent cells from each 
other. Here also the cells present various modifications; 
and the intermediate material, termed the matrix or 
intercellular eubstance, varies in structure, in composi- 
tion, and in properties in the different textures, as is 
seen in the connective, cartilaginous, osseous, and muscu- 
Jar tissues. 

It is not an easy matter to devise a classification of 
the tissues, based on their structural characters, which 
shall be in all respects logically perfoct; but a con- 
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fare not spheres, as the old name blood globules would imply, 
They aro noo-nucleated. Single corpuscles have a faint 
fawn-coloured hue, but collectively they give to the blood 
its characteristic red colour, This colour is due to the 
presence in the corpuscles of the substance termed 
Aeemoglobin. It has been estimated by Vieronlt and 
Welcker that 5,000,000 red corpuscles are present in 
every cubic millimetre of healthy human blood. The 
red corpuscles in the blood of all mammals, except the 
tribe of camels, are circular bi-concave discs ; but in these 
exceptional mammals they have an elliptical outline, In 
all mammals the red corpuscles are non-nucleated, though 
appearances of nucleation have been seen in exceptional 


individual cases; for Rolleston saw a nucleated appearance 
ina small proportion of the dried red blood corpuscles of 
a two-toed sloth; and I have observed in a proportion of 
the red blood discs of a Hoffmann’s sloth an appearance 
of a central nucleus, 


In all birds, reptiles, and amphibia the red corpuscles 
fire oval or elliptical, and in each corpuscle an oval or 
elliptical nucleus is situated, In all fishes they are nu- 
cleated and also elliptical in form, except in some of the 
Cyclostomata, which possess circular disc, In the ellip- 
tical nucleated corpuscles the surfaces are not biconcave, 
but have central projections, which correspond in position 
to the nucleus (2, 4, 5, Fig, 28). The red corpnscles 
vary materially in size in different vertebrata, and these 
variations have been especially studied by Gulliver, 
Hoe has found them to vary in mammals from an average 
dinmeter of yy/zsth of an inch in the elephant, and yyygth 
in Orycteropus capenais, to yylysth in Tragulus jawini- 
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cus, and he concludes that the smallest bleed dises occur 
im the emall species of an order or family, the largest 
im the large species. 

In birds they are : > 
mals, and vary in _- 

length from an ave- 
rage of y7y, inch in 
Caswarius javrnicus 
to ydygth in Linaria 
minor. In reptiles 
they are still larger, 2 s . 
and vary in length Fic. 2—1, red corpuscies of human bio d: 2 red 
from an avenge of Sit iaamnsrt adept: 
qrrath in Anguis porctrus: See eis heoetae 
fragilis to yygth in” 

Lacerta viridis, In amphibia the largest corpuscles, accord- 
ing to Gulliver, are about z}z inch in length in Protews and 
Siren, though Riddell states that in Amphinma tridactylum 
they are jd larger ; whilst the smallest, as in the common 
frog, average in length yyy inch. In cartilaginous fish 
the corpuscles are larger than in osseous. In Zamna con 
nubica Gulliver found their long diameter to be 4} inch ; 
while in the Salmonide, which have the largest blood disea 
among osseous fish, the long diameter in the salmon and 
common trout is only about y4's3 inch. 

The white or colourless corpuscles are comparatively few 
in number in the healthy human blood. Welcker has 
estimated the normal relative number as one white to 
335 red; in pregnant and menstruating women the pro- 
portion is increased to about 1 to 280. In some forms of 
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disease the proportion is so very materially increased that 
they appear to be almcet as numerous as the red = They 
are rounded in form, finely granulated or mulberry-like in 
appearance, and sucleated—the nucleus becoming more 
distinct after the addition of acetic acid; moreover, they 
are larger than the red corpuscles, their average diameter 
being from gyysth to yyath of an inch. Corpuscles of 
a similar form are found in the blood of all vertebrata. 
They do not vary so much in size in different animals as 
lo the red corpuscles. In Z'riton, according to Gul- 
liver, their average diameter is yyyyth, whilst in Herpeater 
griseus they are not more than yyy inch, The white 
blood corpuscles are minute nucleated clamps of proto- 
plasm ; they are therefore minute cella. It is very doubt- 
ful if they possess a cell wall, the evidence being against 
nither than in favour of its presence. 

‘The red blood corpuscles in all vertebrata, except the 
mammalia, are nucleated clumps of protoplasm; they are 
therofore minute cells In mammals, owing to the ab- 
sence of a nucleus, they do not accord with the definition 
of a cell given on p. 116, and they are not therefore 
morphologically identical with the red corpuscles in other 
vertebrates, What their precise homology may be is some- 
what difficult to say, owing to the obscurity which prevails 
as to their exact origin. If they are merely clumps of 
specially modified protoplasm, budded off from the white 
corpuscles, then they are cytodes, If, as some have sup- 
posed, they are the nuclei of the white corpuscles, specially 
modified in composition, then they are free nuclei. If, 
again, they are the white corpuscles, the cell substance of 
which has undergone a special differentiation, and the 
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prolongations which Amoe and other Rhizopods can pro- 
ject from various parts of their circumference (Fig. 25) ; 
and as a white blood corpusele, like an Amba, can by the 
movements of the processes change its position, the term 
“amovboid movements” has been applied to the pheno- 
meéna in question, Like an Amba, also, a white corpuscle 
can by these movements include within its substance 
minute particles of solid matter which it may come in 


Vig. 29-1, red corpuscles of healthy human leod 2 red corpuscles begiostan, 
form rowlsee; 2 mesh-like arrangement in healthy bloods 4 mesbalike 
frruugecrsan is ally blood, where te roeshes ere fargee thaa tn healthy 


contact with in its path. Thirty years ago W. Addison 
stated that the white blood corpuscles could pass through 
the walls of the blood-vessels into the surrounding tissue, 
where they formed mucus corpuscles, and, under certain 
pathological conditions, the corpuscles of pus or inflam- 
matory lymph. Tho passage of white blood corpuscles 
through the wall of the capillaries was seen in 1846 by 
A. Waller; and though for many years his observations 
were iguored, yet the more recent inquiries of Cohnheim 
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also believed that red corpuscles may be now-formed in the 
splesn, and Neumann has recently stated that tho cells of the 
red marrow of the bones may serve as a centre of origin for 
the rod blood corpuscles. In the foetus the liver apparently 
serves as a contre of origin for the white corpuscles, but its 
blood corpuscle forming function ceases at the time of 
birth, Throughout extrvnterine life the spleen and the 
lymphatic glands are without doubt organs of formation 
of the colourless corpuscles,—those produced in the lymph- 
atic glands, under the name of lymph corpuscles, being 
mingled with the blood-stream where the fluid lymph flows 
into the venous system. When mixed with the blood, the 
lymph corpuscles become the white blood corpuscles. 

Corpuscles are also found in the blood of the inverte- 
brata. They are as a rule colourless, but R. Wagner 
pointed out that in the Cephalopods they are coloured. 
They are sometimes round, at others oval or fusiform, and 
in worms and insects have even branched proceases. ‘They 
are always nucleated, 


Tas Lruru axp Onyze, 


The lymph is the fluid found in a subdivision of the 
vascular system named the lymph vascular system. It is 
transparont and colourless, and contains numerous cor 
puscles floating in it, which correspond, in appearance, 
structure, and the possession of the property of amecboid 
movements, to the white corpuscles of the blood. The 
lymph corpuscles are formed in the glands situated in the 
course of the lymph vessels, and are carried away from the 
glands by the stream of lymph which flows through them. 
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the cella are arranged in one or in several layers, But it 
has recently been euggested by His that the cells lining the 
inner surface of the wall of the vasenlar and serous canals 
and cavities should be termed Endothelium, whilst the cells 
covering the mucous susfaces whould forms the Epithelium 
properly so-called, The cells situated on the free surface 
of tho skin, though usually termed the epidermis or cuticle, 
muy also be referred to the epithelial structares. Speak- 
ing generally, one may suy that by the term Epitheliam fy 
meant the cella siteated on free surfaces which are exposed 
bither direetly or indirectly to the air; whilst by the term 
Endothelium is meant the cella situated on free surfaces 
which are not exposed cither dircetly or indirectly to the 
air 
Errrseuis. 


‘Tho free surfaces covered by an cpithelinm are the mom- 
Drmes, named, from the character of their secretion, 
the mucous membranes, and the skin. 

The Mucous Membranes line internal passages and canals, 
and are continuous at certain orifices with the skin,—ey. 
the mucous membrane of the alimentary canal opens on the 
wurface at the mouth and anus; the mucous membrane of 
the respiratory passage opens on the surface at the nostrils, 
and is continuous in the pharynx with the alimentary 
jumcous membrane—it is alao prolonged through the Busta- 
thin tube into the tympanum, and is continuous through the 
nasal dact with the conjunctiva; the genito-urinary mucous 
membrane opens on the surface at the orifice of the urethra 
and vagina. Mucous membnines also line the ducts of the 
varigus glands which open on the surface either of the skin 
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or the several mucous canals. The epithelial cells are as 
arule arranged in layers or strata, and the shape of the 
cells is by no means uniform in the different layers. The 
cells of the deeper strata are usually smaller, softer, more 
rounded, and more recently formed than those of the super- 
ficial strata, though sometimes, as in the bladder, conjune- 
tiva, and some other mucous surfaces, they may be irregular 
in form and size, or even elongated into short columns. 
The cells next the free surface have a tendency to be shed, 
and their place is then taken by the cells of the deeper 
layers, which become modified in form as they approach 
the surface. The form of the cells of the superficial layer 
varies in different localities, which has led to a division of 
epithelium into groups bearing appropriate names. Epithe- 
lium is distinguished further by being devoid of blood- 
vessels, ie., it iy non-vascular; and also, with some excep- 
tions, devoid of nerves, i.¢., non-sensitive. 

The epithelial cells, whether arranged in one or several 
strata, rest upon a subjacent tissuc, which, from its rela- 
tion to the cells, may be called sub-epith:lial. The sub- 
epithelial tissue is a form of the fibrous variety of connce- 
tive tissue, to be subsequently described, and in it lie the 
nerves, the blood and lymph vessels, and the involuntary 
muscular tissue of the skin and mucous membranes; hence 
it is sometimes described as a fibro-vascular tissue or corium. 
It was fora long time believed that, between the deeper sur- 
face of the epithelium and the corium, a definite, homo- 
geneous, continuous membrane, named by Bowman a buse- 
ment membrane, intervened, which formed a sharp line of 
demarcation between the epithelial and the sub-cpithelial 
tissue. Bowman, however, himself admitted that in some 
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of the localities where this membrane was theoretically sup- 
posed to exist it could not satisfactorily be demonstrated ; 
and it is probable that the tissue on which the epithelium 
rests is only a somewhat condensed form of the sub-opithe- 
lial connective tissue, which assumes in some localitios a 
membrane-like appearance, ‘The recent observations of 
H. Watney, indeed, show that, in the mucous membrane of 
the alimentary canal, a delicate reticulum of connective 
tissue is prolonged between the epithelial cells. ‘The corium 
is also the seat of numerous glands, with their blood and 
lymph vessels and nerves; and the epithelial lining of the 
glands is continuous at their orifices with the epithelial in- 
yestment of the coriam. The surface both of the mucous 
membranes and skin is usually more or less undulated— 
sometimes it is thrown into strong folds or rugs, at others it 
is elevated into minute, frequently conical, processes, named 
in some localities papille, in others villi; but in all these 
cases the epithelium is prolonged a4 a continuous cover- 
ing over the undulating free surface. The free surface of 
all mucous membranes is kept moist by the secretion or 
mucus which lubricates it. 
Tessellated, pavement, scaly, 
or squamous epithelium is situ. 
KES” ated on the free surface of the 
x mucous lining of the mouth, 


= pharynx, csophagus, vestibular 


Gon 
2) 
4 entrance to the nose, ocular 
conjunctiva, and entrance to the 

ithietum from the ay re i 
Fig. 30.—Sealy epithelium trom the urethra and vagina. It forma 
under the special name of the 


horny layer of the cuticle or epidermis, the superficial in- 











nerves regulate the size of the blood-vessels, and there- 
fore the amount of blood which circulates through the 
gland, and also exercise some direct influence on the 
activity of the cells. The function of the lymph-vessels 
is not so well understood, but the researches of Ludwig 
and of some of his pupils have shown their relation to 
the secreting structure of several glands. The connective 
tissue and the membrana propria are merely supporting 
structures for the cells, vessels, and nerves. All secreting 
glands have tho samo general type of structure, though 
they diffor from each other, as will be pointed out when 
the individual glands are described, in the degree of 
complexity in which their constituent parts are arranged. 
The simplest form of gland is a short tube, closed at its 
deep end, whilst the opposite end has a mouth opening on 
a free surface, as in the glands of the intestine; but in 
other cases the tube may branch at its deep end, as in the 
glands of the stomach; or it may become greatly elon- 
gated and rolled into a ball, as in the sweat glands ; or it 
may branch, and the branches may form coils and loops, 
ax in the kidney; or the tube may branch, and the 
branches may dilate into sac-like expansions, or acini, as 
in the compound racemose group of glands, of which the 
solivary glands, the mammz, the lachrymal glands, and the 
pancreas are good examples. 

Transitional epithelium is the name applied to epithelial 
cells, situated on some free surfaces, which possess tranai- 
tional forms either between the columuar and tessellated 
epithelia, or the columnar and spheroidal, and not unfre- 
quently have a cubical shape. ‘The epitheliam of the 
mucous lining of the bladder is transitional between the 
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Here, as in the surfaces covered by epithelium, a base- 
ment membrane was at one time supposed to intervene 
between the cells and the connective tissue; but it is 
now believed that the cells are in direct contact, by their 
deeper surface, with the connective tissue itself, which 
serves as the framework of support for the blood and 
lymph vessels and the nerves of the part. In the serous 
membranes and in the coats of the larger blood-vessels 
elastic fibres are present in considerable numbers in the 
sub-endothelial tissue. In the serous membranes the lymph- 
vessels are very abundant in the sub-cpithelial tissue, where 
they form a layer parallel to the free surface of the mem- 
brane, from which short vessels pass vertically to open by 
minute orifices into the serous cavity. The serous mem- 
branes are attached by the sub-endothelial connective tissue 
to the organs which they invest. 

Each Serous Membrane consists of a portion which invests 
the viscus or organ, named the visceral layer, and a portion 
which lines the walla of the cavity in which the organ is 
situated, named the parietal layer. Between these two 
layers is the so-called serous cuvity, the wall of which is 
formed by the smooth surfaces of both the parietal and the 
visceral layers, The scrous membranes are as follows:—The 
two pleure situated in the cavity of the chest, one invest- 
ing each lung, and lining the interior of that part of the 
thoracic cavity in which the lung is situated; the pericar- 
dium, which invests the heart, and lines the bag in which 
the heart is contained; the peritoneum, which invests the 
abdominal viscera, and lines the abdominal cavity ; and 
the arachnoid membrane, which invests the brain and spinal 
cord, and is regarded by many as lining the dura mater, the 
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membrane which encloses these important organs, The 
smooth froe surfaces of the serous membranes are moistened 
by a limpid duid, or serum, which facilitates their move- 
ment on each other, just as the free smooth surfaces of the 
synovial membranes are Inbrieated by the viscid aynovia 
which they secrete. 

‘The endothelium of the Serous Membranes consists of a 
Jnyer of irregular squamous cells, the edges of which may 
be smooth or slightly serrated. The cells ure closely adapted 
to each other by their < etletaeende continuous 

smooth layer, which forms 

the free surface of the serous 

membrane, Scattered inre- 

gularly over this surface are 

‘the minute orifices, orsfomate, 

which open into lymphatic 

vessela. The cells which sur 

Pacts on oe: te round the stomata differ in 

cen cet ae 

iho position of a vertical lym the ordinary endothelium ; 

ite reo tater in) ec ihte are amaller, and are 

polyhedral, their contents are granular, and the nucleus is 
miore distinct. 

‘The endothelium lining the Lymphatic Vessels consists 
of a layer of flattened cells, which, instead of haying an 
irregular abape, are elongated and slightly sinuous in out- 
line, The endothelium of the lymphatics is continuous 
with that of the eerous membranes through the stomata, 
406 that the cavities of the serous membranes are now re- 
garded as great lymph-sacs, 

‘Who endotholial lining of the Blood-Veasels corresponds 
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in general characters with that of the lymphatics. In the 
small blood capillaries the cells are fusiform ; in those of 
larger size, more irregular: in the veins they are broader, 
more irregular, and less distinctly fusiform than in the 
arteries. The endothelial covering of the endocardial 
lining of the heart consists of a layer of flattened cells 
with irregular outlines, The endothelial lining of the 
blood-vascular system is continuous with that of the 
lymph-vascular system, where the thoracic duct and other 
large lymph-vessels open into the great veins, and thus a 
continuity of surface is established between the serous 
membranes and the lining membrane of the blood-vascular 
system through the lymphatics. 

The endothelium of the Synovial Membranes forms a 
layer of polygonal, tesscllated cells, on the inner surface of 
the vascular connective tissue of the synovial capsules, 
The existence of a continuous layer of such cells, though 
denied by Hiiter and Reyher, has been established by Till- 
manns. Villous processes of the sub-endothelial vascular 
connective tissue called synovial fringes, covered by endo- 
thelium, project into the cavities of joints and synovial 
burse, and contribute to the formation of the synovia 
which lubricates the surfaces of a synovial membrane. 

Endothelium is developed exclusively from the cells of 
the mesoblast, from which cells alyo, by histological dif- 
ferentiation, are formed the organs to which the endothelium 
serves as a lining. Between the endothelium and the con- 
nective tissue a close genetic co-relationship obviously 
exists, and the flattened endothelial cells are apparently 
specially differentiated on the surface of the bundles of 
connective tissue, 
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THIRD GROUP. 
CELLS IMBEDDED IN Souip Tissues. 


The cells which are imbedded in the solid tissues are 
either grouped together in considerable masses, or, as 
not unfrequently happens, are more or less separated by 
an intermediate matrix, or intercellular substance. The 
matrix substance varies in its character in different tissues, 
and sometimes is so abundant as to obscure the cells, 
The textures which are constructed on this plan are of 
great importance, and constitute by far the larger propor- 
tion of the tissues not only of the human body, but of the 

+ bodies of animals generally. Sometimes these tissues are 
elongated into delicate threads or fibres, at other times they 
are expanded into thin membranes, at others they forin 
solid masses of considerable thickness. 


Connective Tissue. 


By the term Connective Tissue is meant a group of 
tissues which, though the members of the group differ in 
various respects from each other, both in naked eye and 
microscopic characters, yet agree in the property of bind- 
ing or connecting together other tissues or parts of the 
body, and in serving as a supporting framework for more 
delicate tissues. This group of tissues is the most exten- 
sively diffused of all the textures, for there is no organ in 
the body which does not contain one or other of its forms. 
The following varicties, based on modifications in their 
Sppearance and structure, may be recognised. 
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a. Neuroglia, This name, which means nerve glue, has 
been applied by Virchow to the delicate tissue in the cen- 
tral organs of the 
nervous system, 
and of the retina, 

“which supports 
the nerve cells, 
nerve fibres, and’ 
blood-vessels of 
those parts. Mi- 
eroscopically it Fo, a5—Section of the white matter of the ‘um. 
consists of small {ary vomi-vesselo are reyresenieds onan coh 
round or ovoid corpuscles, imbedded in a soft granular 
protoplasm. A form of tumour, named Glioma, is some- 
times produced by the excessive growth in the brain or 
retina of this variety of connective tissue. 





6. Retiform connective tissue constitutes the stroma or 
supporting framework of the lym- 
phatic and other glands which 
possess the adenoid type of 
tissue. It consists of stellate 





i 2 cae from a lymphatic gland 
and form a delicate anastomosing ‘*¥* 4 * 17" Phatic Ela 


network or reticulum. In the lymph glands, the colour- 
less lymph corpuscles are set in the meshes of this 
network. In the solitary and Peyer’s glands of the 
alimentary canal, in the tonsils, at the back of the tongue, 
in the posterior wall of the nasal partof the pharynx, the 
palpebral conjunctiva, the thymus gland, the pulp and 
Malpighian bodies of the spleen, colourless lymph-like 
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corpuscles are also incladed in the meshes of a reticulum, 
The name adenoid or lymph- 
oid tissue is sometimes em- 
ployed in deseribing this 
type of structure, and in 
some forms of distase the 
tissue increases in certain 
localities so largely in quan. 
tity ws to form well-lefined 
lymphoid tumours. 
« Gelatinous or mucous 
Fin. 37-—Lymphoid eetls, Included ine COBNEctiVe tissue (Schfetme- 
Tetlewlar mosh wf connective toue 


from a lymphold tumour of the tebe), forms the connective 
amiestastisnuin. 


tissue of the embryo, the 
vitreous humour of the eye-ball, and the jelly of Wharton, 
which invests the blood-veasels of the umbilical cord. It 
also forms the middle subdivision of the enamel organ of the 
tecth. It is soft 
and jelly-like in 
consistency. Mi- 


crosoopically it 
consists of round- 
ed, or spindle 
like, or stellate 
cells, imbedded 
in a soft gels. 
tinous intercel- 
lular substance, 
Via, R—Aelatinows connective tian, ‘The fuaiforn, Sometimes the 


Toiandod, work stellace cells, and the partial differentia- 
tio of thotntercetlular substance into Abreaare shown. intercellular sub- 


stance is in part differentiated int» short delicate fibres. 








each other, and form an anastomosing network. The 

structure of tendons bas been recently examined with 

great care by Ranvier, Spina, and Thin with reference to 

the arrangement of their cellular constituents, and in addi- 

tion to the fusiform and stellate branched cells, which had 

Jong been recognised, 

rows of cells situ- 

ated between and 

parallel to the fibrous 

bundles have been 

describe Tn young 

TAP tendons these cells 

are polygonal, but in 

adult tendons they 

are more flattened. 

‘Thin states that they 

form a continuous 

Pee 9 —Tiot cells on surface of tendo Achita ot layer of flat cells in- 

Shee, Core Te) vesting not only the 

individual bundles of which a tendon is composed, but the 
aurface of the tendon itself, 


Sao SSS 


Foe. 40.—Cells tnvesting tho primary bundles of tendo Achitlis of & shoe, 
(From Thin) 


Key and Rotzina have recently described the bundles 
of subarachnoid connective tissue as surrounded by a 
Tayer of flattened cells, and o similar arrangement has 
been recorded by Mihalkovics around the bundles of the 
connective tissue stroma of the testicle, Those flat endo- 
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thelialike cells are obviously a special differentiation of 
the formative cells of the connective tissue at the surface 
of the bundles. 

The wide diffusion of the connective tissue throughout 
the body, and the great importance of its cellular elements, 
have been especially dwelt on by Virchow as sources of 
origin of the new cell forms which arise in various pathu- 
logical processes. 

The intercellular substance or matrix consists of fibres, 
which are not uniform in shape, and are divided into the 
two groups of white and yellow fibres. 

The white fibres of connective tissue constitute the 
most common form, and make up the great bulk of anost 
ligaments, tendons, and fibrous membranes. 
They consist of excexsively delicate filaments, 
varying from yg}zgth to go}gsth inch in 
thickness, which are united together in 
bundles or fasciculi of variable size. The 
bundles, as well as the filaments of which 
they are composed, have a wavy course, and 
the filaments in each bundle lie almost 
parallel to each other. The bundles also 
in some cases are parallel, though in others SS : 
they cross at various angles, Not only the “et'wnite sores 
filaments in each: bumille, ‘but the bandlea imc" 
themselves, are cemented together ; the firmness of the 
adhesion varies in the different modifications of the 
fibrous cunncetive tissue, being much more decided in the 
tendons, ligaments, and fascie, than in the lax areolar 
tissue. 

The yellow fibres of connective tissue, named elastic 
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tisewe, from its elasticity, make up the mass of the lign- 
mentum nuchw, the ligamenta sub-flava, and the yellow 
elastic coat of the arteries, They are also found mingled 
with the white fibres, in the fibrous membranes, the akin, the 
tnieous and serous membranes, the areolar tissue, in ten- 
dons, and some ligaments. In the liga- 

menta sub-fava and nuchm the yellow 
fibres are arranged in bundles, the in- 

dividual fibres of which are comparatively 

broad, with a distinct dark outline, Thoy 

branch, and their branches readily break 

neross, and the broken end then curls 

i upon itself, ‘Their diameter is about 

xvlysth inch. In the coats of the arteries 

Tia, fe Farceatan the clastic fibres form an anastomosing 
elnssie thaae frees network. When mingled with the white 
Sibree they are much finer, and sometimes 

do not exceed yyfyyth inch in diameter. They possess, 
however, a distinct and definite outline; they branch and 
occasionally anastomose; and the individual fibres, possess- 
ing a ring-like, spiral, or twisted course, are wound around 
the bundles of the white fibres, The white fibres yield 
gelatine on boiling, but the elastic fibres do not. The 
white fibres ewell up and become ao transparent under the 
action of acetic acid as to be no longer recognisable. ‘The 
yellow fibres, again, are not affected by that ‘rengent, 
Quekett pointed out that the elastic fibres of the liga- 
mentum nuchie of the giraffe wera marked by transverse 
strize, and M. Watson has seen a similar appearance in 
the elastic pericardiac ligament of the elephant, These 
transverse strise are apparently cracks in the fibre; and, as 
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These corpuscles are believed to move about in the juice 
canals already referred to, and it is possible that they may 
have migrated into the tissue through the walls of ite 
nutriont blood-vessels, 

‘The vascularity of the connective tissue varies in differ. 
ent localities, Tho porios- 
tema and perichondrium are 
very vascular; but their nume- 
rons vessels are concerned in 
the nutrition not merely of 
these fibrous membranes, but 

. © of the bone and cartilage 
Yio, .—Cosnective tece of tho which they invest. Theaheath 
eee a Lynd showing tho 


asiform ive ti ich in- 
a goeciis, of connective tissue which in- 


few sola mereral vests tendon is moro vas- 

Sebly milgrsiod trom thevewel” cular than the substance of 
the tendon itself, As a rule, it may be stated that the 
fibrous connective tixsues are not highly vascular, and that 
the mutritive changes which take place in them after their 
growth is completed are not very active. Connective tissue 
is sparingly supplied with nerves, and their mode of ter- 
tination in it has not been ascertained. 

‘The moile of development of the connective tissue has 
een much discussed by anatomists, and various views have 
‘been advanced as to the changes which lead to its pro- 
duction, It is now, however, genorally admitted that, 
except perhaps the nenrogtia, it arises from the cells of the 
mosoblast layer of the embryo, by a special morphological 
and chemical differentiation of their protoplasm, but the 
degree to which this differentiation may proceed varies with 
the particular form of the texture. The neuroglia apparently 
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more readily seen than in an adult tendon, in which 
the increased production of fibres obscures the cellular 
element. 

‘The mode of origin of the yellow elastic fibres has also 
been much discussed. At one time it was believed that 
they were derived from nuclei, and on this supposition they 
were named nuclear fibres. But from more recent observa- 
tions there is reason to believe that they are produced, like 
the white fibres, by a special differentiation of the proto- 
plastn of the embryonic cells, or of » homogeneous matrix 
derived from that protoplasm. In such localities as the 
ligamentum nuchw, where the fibres are both large and 
numerous, the whole of the cell protoplasm appears to 
‘become converted into elastic tissue. In tendons, and those 
parts where these fibres are slender and scanty, and coil 
round the bundles of white fibrous tissue, they apparently 
arise from a differentiation of the protoplasm on the sur- 
fuce only of the formative embryonic cella, 


Avrrosr Tissue. 


The Adipose or Fatty tissue varies in its amount in 
different individuals, It is especially found in the mar- 
row of the bones; as a layer beneath the skin, differing 
in thickness in different individuals; and collected in the 
cavity of the abdomen in the folds of peritoneum, known 
as the mesentery and omenta, in which, and indeed in the 
other localities where it occurs, it is intimately asso- 
ciated with the connective tissue. It consists of cells, 
which vary in size from g}yth to g}sth inch, usually 
ovoid or spherical in form, though when collected into 
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them. It has now been ascertained that the first stage in 
the formation of a fat cell consists in the appearance uf 
extremely minute drops of of) in the protoplasin of the con- 
noctive tissue corpuscles of the part ; as these run together 
larger drops are produced, a cell wall at the sane time 
differentiates from the peripheral part of the protoplasm, 
and as the cell becomes distended with oil, by the conver 
sion into fat of ita substance, it swells out into a spherical 
or ovoid cell. Klein has recently shown that the fatty 
tissue of the omentum and mesentery is formed by the 
production of oil drops within the branched cells, which 
form the reticular tissue that supports the lymphoid cells 
found so abundantly between these folds of peritoncam. 


In a lymphoid tumour of the mesentery, which I recently 
examined, where fatty degeneration had made considerable 
progress, I found that not only the branched cells, but the 
lymphoid cells also, had undergone the fatty change. 


Promextany Tissue. 


In some parts of the body a yellow, brown, or black 
Pigment is found in the interior of cells, which gives to 
the tissue and orgun a characteristic colour, In the 


coloured races of mankind, and 

, Sin cortain parts of the body of 

E the white races, pigment is pro- 

Pra. 4k—Airoup of osrted ebor- Auoed in the cells of the cuticle 
‘ld pigment cells, or. epidermis, more. especially, in 

the cells of the decper strata or rete Malpighi, In the 
connective tissue corpuscles, also, more especially in the 


dermis of fish, amphibia, and reptiles, pigment is found in 
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tho immature condition of the body than in the adult, for 
in early life the skeleton is in a great measure formed of it. 
As development and growth proceed, a considerable pro 
portion of the cartilage becomes converted into bone, and 
is called, therefore, temporary cartilage, whilst the remain- 
ing portion continues as cartilage throughout life, and is 
termed permanent, The following varicties of cartilage, 
hased on modifications in structure and appearance, may be 
reeognised :— 


Cellular cartilage, Cols with mateix substance. 


‘Matrix homogeneous, Matrix fibrous. 
(Hyaline cartilage.) (Fibro-cartilage.) 

a 

White tibro-cartilage. Yellow fitro-cartiloge, 
‘The Cellular or Parenchymatous Cartilage does not exist 
in the adult human body. It occurs, however, in the 
human embryo, in the embryos 
of all the vertebrata, and in the 
larval stage of development of 
the tunicata, as the slender rod 
named chorda dorsalis or noto- 
chord. In all the higher verte- 
Yoo 47.—Culls of the chords dor brata the chorda dorsalis dis- 
igh he appears as development advances, 
but in the lower vertcbrates it persists throughout life as 
more or less perfect structure. In the lamprey and 
myxine it forms a continuous rod in the vertebral region. 
In fish generally, but more especially in the cartilaginous 
group, it forms a jelly-like mass, occupying the concavities 
between the bodies of the vertebre, The cells lie in con- 
tact with each other. They are comparatively large in 
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irregularly grouped together, ‘The cell contents are dimly 
granular, with « well-defined nuclous containing a nucleo 
Tua Not unfroquently two or more mneclei are present 
in a coll; and in old cartilage the contents are often 
coarsely granular, or even infiltrated with drops of oil. 
Heidenhein has shown that powerful induction shocks 
cause contraction of the protoplasm of the cells towards the 
omtral nucleus, The cells lie in cavities in the matrix 
substance, and the part of the matrix which forms the 
finmodiate wall of the hollow is named the capsule of 
the coll, Two or more cells may sometimes lie in the 
same hollow. 

‘The matrix of hyaline cartilage is usually homogenooun, 
Th some animals the matrix appears to have a concentric 
arrangement around the cells; and Rollett las stated that 
by the use of dilute sulphuric acid or chromic acid the 
matrix may be made to split up into concentric layers. 
Sometimes the matrix appears granulated, a change which 
is very apt to occur in sections of cartilage which have 
hegn removed for some time from the body. In the costal 
enrtilages of old persons the matrix becomes fibrous; aud 
it fs by no means uncommon to find in advanced age these 
bars of cartilage converted into bone. 

Tn the articular or encrusting cartilages the arrangement 
of the cells is quite distinctive. If a vertical section be 
made through a plate of this cartilage, the cells next the 
bone are scen to be arranged in parallel rows perpendicular 
to the surface of the bone on which the cartilage reste; 
the cells are smaller than those of the costal cartilage, 
oblong in form, and the adjacent rows are separated by 
intermediate hyaline matrix. Near the free surface of 
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in form and distinctly nucleated. Sometimes two or three 
are grouped together, bat not unfrequently they occur 
singly. They arc separated from each other by short 
fibres like thone of connectivé tissue, In these discs the 
fibrous matrix is always stronger and more distinct in the 
peripheral than in the central part. White fibro-cartilage 
is transitional between true hyaline cartilage and connec- 
tive tissue, ie, the cells passes: the charncters of cartilage 
colls, whilst the matrix, instead of being hyaline, is fibrous, 
like the matrix of the connective tissue, 

‘The yellow elastic fibro-cartilages are the epiglottis, the 
cornicula laryngis, the cartilaginous framework of the auricle 
of the human ear, and the cars of mammalis generally, and 
the petrous end of the cartilaginous wall of the Eustachian 
tube. The cells are rounded or ovoid, distinctly nucleated, 
and usually arranged singly or inpaira. The matrix is dis- 
tinctly fibrous; the fibres, which form a close intersecting 
network, branch and sometimes anastomose. They resist 
the action of acetic acid like the yellow fibres of connective 
tissue; and Donders has described a continuity between 
them and the elastic fibres of the connective tissue, which 
forms the investing perichondrium of this form of cartilage. 
The yellow fibro-cartilage has no tendency to ossify. 

‘The bara and plates of cartilage—except the encrusting 
hyaline cartilages, and the interarticular, marginal, and in- 
‘yesting white fibro-cartilages—are surrounded by a fibrous 
membrane or perichondrivm, In the adult human body 
cartilage is not penetrated by blood-vessels, but is nourished 
hy the veseela which ramify in its investing perichondrium. 
In tho foetus, however, and in tho large masses of cartilage 
which ure found in the skeletons of the cetacea and of the 
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tissue, whilst the fibres of the yellow fibro-cartilage partake 
of the nature of olantic tissue, ‘The fibro-cartilagos, there- 
fore, form a group which links together the connective and 
cartilaginous tissues, 


Ossxous Tissux. 


‘The Osseous Tissue, or Bono, ia that which constitutes the 
hard framework of the skeleton. Each bone consists of a 
hard, more or less dense, tough, and but slightly elastic mate- 
rial, ‘The elasticity of the bones is more marked in young 
than in adult and aged persons. From differences in their 
external configuration, bones are divided into long or eylin- 
Grical, ¢g., femur; short, ¢g., carpal or tarsal bones; fat 
or plate-like, ¢g., ecapula ; irregular bones, «g., vertebra, 
These variations in shape do not, however, involve differ- 
ences either in composition or minute structure. Bone con- 
sists chemically of an earthy and an animal substance inti- 
mately blended together, The earthy matter forms about 
two-thirds, and consists chiefly of phosphate of lime, 
which, from its abundance in bono, is frequently called 
“bone earth.” Carbonate of lime and a small proportion of 
soda and magnesia salts.are also present, The hardness of 
hone is due to the presence of the earthy matter. The 
animal matter forms the remaining third, and yiclds 
gelatine on boiling; it imparts elasticity and toughness 
to the bone, and binds together the particles of earthy 
matter, 

Bone presents two different structural characters to the 
naked eye, The outer part of a bone is its hardest part, 
and forms a dense external shell, technically called the 
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whoth to,ehyeth inch. They not unfrequently are dilated 
at the inner end, where they open into the spaces of the 
cancellated tissue. The compact tissue of all bones possesses 
‘8 system of canals similar to those found in the long bones, 
but when bone occurs in the form of very thin plates the 
eanals may be absent. In addition to the Haversian canals, 
irregular spaces, named Haversian spaces by Tomes and 
De Morgan, may also be seen in sections through the com- 
pact tissue, They are met with not only in young but in 
miult bones, and are regarded as produced by absorption 
‘of the bone in those particular localities. In thin sections 
through bone, more especially when the Haversian canuls 
aro transversely divided, the dense tissue or matrix of the 
bone which surrounds the canals is seen to be arranged in 
eoncentric rings, as if it were built up of a series of lamellar 
Superimposed on each other. These lamelle do not at all 
times form complete circles, and the number which sur- 
round a canal may vary from two or three to half a dozen; 
thoy are somotimes called the Haversian lamella. Other 
Jamelle lie in relation to the periosteal surface of the bone, 
and are called peripheral lamelle ; whilst others again are, 
anit wero, intercalated between adjacent Haversian systems 
of lamellw, and are named intermediate or interstitial. It 
has been pointed out by Sharpey that a bone lamella, 
After the earthy matter has been dissolved out by the 
action of an acid, is made up of multitudes of fine trins- 
parent fibres, which intersect each other and form a net- 
work, But ho has further shown that the lamelle are 
porforated by fibres, or bundles of fibres, which pass through 
them cither perpendicularly or obliquely, so as to bolt 
Giljocont lamelle together, With a little care, the per- 
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observers hone-corpuscles, But if a little tarpentine be 

added to the section, the fluid displaces the air which 

the Iscone and canaliculi contain in the dried lxme, 

rounders the part more transparent, and affords a satisfac- 

tory demonstration that they are, ina macerated and dry 

hone, not solid bodies, but a minute system of spaces and 

anastomosing little canals; and that all thoee which lie in 

the same Haversian system not only freely communicate 

with each other, but, cither directly or indirectly, with the 
Haversian canal which they surround. 

But a macerated and dried bone, such os one sees in 

rauseums and in articulated skeletons, and the structure of 

which has just been deseeibed, is 

4 bone which has been deprived 

of several aoft tissues by the pro- 

cess of putrefaction, which tis- 

suesareof theutmost importanee 

=== 1 in tho economyof the bone in the 

Pig. 88 anata wen VIN ae A ing as 

Hang inn sow tho, pasuage acomplex organ,andamacer 


Fiae ie diese bone is only the skeleton of a 


em living bone, It is essential, 
therefore, in studying the stracture of bone, that the 
attention should not be limited to the appearances pre- 
sented by the macerated bone, but that the arrangement 
and structure of its soft tissues should be considered, ‘The 
soft tissues of a bone are the periosteum and its prolonga- 
tions, the marrow, the minute masses of nucleated pro- 
toplasm which occupy the lacunw of the bone, the blood 
and lymph vessels, and the nerves, 

The Periosteum ix a strong fibrous membrane which 
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principally of coloesal many-nucleated cella, the smyeloicd 
cells (myeloplaes) of Robin, lying in a very delicate areo- 
lar tissue, and supplied by a network of capillary blood- 
vessels, It contains little or no fat, Yellow marrow, 
agnin, is composed of fat cells lying in a delicate areolar 
tissue with accompanying blood-vessels. The areolar tissue, 
which supports the marrow cells, lines the medullary canal 
and cancelli, and is named tho medullary membrane, or 
the endostewm, 

In the fresh bone the lacunw are not empty spaces aa in 
the macerated bone. They are filled up by nucleated clumps 
of protoplasm, and are therefore, as Goodsir was the first 
to show, the sents of little masses of nucleated cells, which 
cells are the trae bone-corpuactes. The protoplasm of these 

% cells is apparently prolonged into the cana- 
liculi. Hence the hard part of the osseous 
texture has within it a system of nucleated 
cells, some of which occupy the lacuna 
and canaliculi, while others form a lining 
to the Haversian canals. 

‘The blood-veasels of a bone are abund- 

aut. Tt receives its arteries partly from 

Picsesied cat o> ee eealac ka tani x aa 
ing the lacuna © 

(i easicalt of enter the Haversian canals, and form 

within them an annstomosing network of 

capillaries ; partly through a special artery which enters 

the nutrient canal in the bone, to be distributed chiefly to 

the marrow; partly through small arteries which enter 

openings in the compact tissue near the articular extre- 

mities The veins of bones are also abundant. In the 
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daved by secondary changes in a pre-existing material. 
‘The mode of production of the osseous tissue in the car- 
tilaginous and Gbrous tissues will now be considered, and 
it should be clearly anderstood at the outset that, in normal 
ostification, bone is not formed by a mere calcification of 
the matrix of the pre-existing tissue, and a direct conver- 
sion of the cartilage or connective tissue corpuscles into 
bone corpuscles; but, as the researches of Sharpey, Bruch, 
H, Maller, Lovin, and Gegenbaur have made known, is 
duc to a development of new corpuscles, which Gegenbaur 
‘has named osteo-blasts, accompanied by an abundant forma- 
tion of blood-veasels. 

When the process of ossification in temporary cartilage 
begins, a change takes place in the arrangement of its cella 
at the centre, or point, or nucleus of ossification. The cells, 
instead of preserving their irregularly scattered arrange- 
ment in the matrix, are now collected into longitudinal 
parallel rows, not unlike what was described in a previous 
section, in the deoper cells of enerusting cartilage. In each 
row the cells lic with their long axes transvorse, and 
apparently multiply by a process of fission. The colls at 
the end of the rows which lie nearest the centre of ossific 
change swell out and become more rounded. Culcification 
of the matrix substance, which separates not only the 
parallel rows of cells, but also the cells in the same row, 
from each other, then takes place, which calcification in- 
cludes also the capsules of the cartilage cells. A general 
opacity of the cartilage is the result of this calcification, 
and the further progress of ossification is rendered obscure. 
Tt is necessary, therefore, to dissolve out by an acid: the 
ealearvous matter, in order to follow the steps of the process. 
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the agency of coloasal, many-nucleated cells (myeloplaxes), 
which hoe named osteotlasts, and believes to bo derived 
from the asteo-blastic cells of the modulla 

already described, so that a destruction 

of the calcified cartilago precedes the for- 

mation of the proper osseous tissue. Az 

the absorption of the cartilage goea on, 

an irregular series of medullary spaces 

communicating more or less frecly with 

each other is produced. Bat along with 

the destructive changes in the cartilage 

Tin 3¢—Dimal many. the production of the new osseous tissno 
semis nea ‘selooviat takes place, ‘The osteo-blast cells of the 
muerte {Ger "gat medulla are arranged in layers around 
the walls of the medullary spaces, and 

undergo an important change both in composition and 
shape. They become granular, their protoplasm hardens 
from the periphery towards the nucleated centre of the 
cell, 80 as to give origin to the dense matrix substance 
of a bone lamella; but the nucleus, and the protoplasm 
immediately investing it, do not harden,—they form the 
soft contents of the lacunm and canaliculi, A second layer 
‘of osteo-blaatic medulla cells then passes through a similar 
nietamorphosis, and a second lamella is formed. By a 
repetition of this process around the walls of the several 
medullary spaces, the lamell of the bone are produced. 
Hence it would appear that the dense solid matrix of the 
eazeous tissue is produced by a special hardening of the 
protoplasm of the osteo-blastic cells in the medullary spaces, 
mand as Inyer after layer of these cells is ossifiod successive 
Inniolle are produced. The persistence, however, of the 
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it has beon supposed that a bone originally developed in car- 
tilage cannot be homologous with one originally developed 
in fibrous membrane, and that a fundamental morpho- 
logical distinction should be drawn between cartilage bones 
and membrane bones, Bat when it is considered that, 
though the place of formation may vary, the method of 
formation is the same in all localities, it does not appear 
that so much importance shoald be attached to the distine- 
tion between cartilage and membrane bones as it has some- 
times received. Morvover, the differences between these 
two varieties of bones are, during the growth of the bone, 
still farther diminished, for in both cases increase in thick- 
ness takes place in the same kind of pre-existing tissue, 
and in the same way, viz, by ossification of the deep 
periosteal layer of osteo-blasts. 

Tn the deseription of the development of bone in the 
foetus and young person, the formation of modullary spaces 
was referred to. But the production of spaces in bone is 
by no means limited to its early stages of growth. The 
medullary canal in a long bone can scarcely be said to 
exist in the bones of an infant's limbs, The hollowing 
out of the shaft of a long bone into a large canal, and the 
enlargement of the spnces of the cancellated tissue, goes on 
not only up to the period of adult life, but even to ad- 
vanced years ; 20 that in an old person the relative size of 
this canal is greater than in the prime of life. The Haver- 
sian spaces also, as Tomes and De Morgan pointed out, 
are produced by the absorption of the lamella of the 
osseous tissue surrounding the Haversian canala, and the 
production of these spaces is constantly going on during 
the life of the bone, The air-sinuses in the cranial bones 
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‘The Transvereely Striped fibre is the characteristic tissue 
of the voluntary muscular system, and is found wherever 
energetic movements are to be performed. In these muscles 
the fibres are collected together in fasciculi, which bundles 
usually lie parallel to wach other, and extend from the 
tendon of origin to the tendon of insertion. Each muscle 
is invested by a membranous sheath formed of connective 
tissue, the perimysiwn exterawm, which sheath gives off 
processes that dip into the substance of the muscle, 20 as 
to form delicate partitions between the fascionli, and from 
these partitions still more slender prolongations of connee- 
tive tissue, named perimyeivem txtermwm, pass between the 
fibres. The bundles of the perimysium are described by 
Thin as invested by a layer of flat cella. The number 
and size of the fasciculi vary with the size and texture 
of the muscle; in some, as the deltoid and gluteus 
maximus, the fascieuli are large and coarse; whilst 
in others, as the gracilis and omo-hyoid, they are much 
finer, The number of fibres in a fasciculus varies 
with its length and thickness, and the fibres which are 
adjacent to each other in a fasciculus lie parullel, 
The striped fibres are cylindrical or laterally com- 
pressed; they usually taper off at their extremities, and 
apparently do not, even in muscles with long fasciculi, 
excved 1) inch in length. ‘The transverse diameter of the 
striped fibres varies, in different localities in the human 
body, from y}gth to yAyoth inch, according to the measure- 
ments of Killiker. Much wider differences in diameter 
are found in the animal series, in insects the fibres being 
of extreme minuteness, whilst in cold-blooded animals 
they are much larger than in man and mammals, 
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a muscular fibre has a disposition to split up transversely 
or longitudinally into smaller particles, The transverse 
subdivision of the fibre is promoted by 

digesting a piece of muscle for some 

hours in dilute hydrochloric acid. If 

the fibres be then examined, gapa or 

fissures will be seen to extend transversely 

into the substance of the fibre; and; if 

the digestion has been sufficiently pro- 

longed, tho fissures have extended com- 

pletely across the fibre, and have sub- 

Mie “tine claving divided it into a multitude of plate or 
fimrrely into dise.ghaped bodies— the musoular-jibre 
discs, These discs are the strongly and 

feobly refracting dises alrendy described, and the trans- 
verse diameter of cach disc corresponds to that of the 
fibre from which it has been derived. The longitudinal 
marks in the fibre are best seen by digest- 

ing a piece of muscle in strong spirit of 

wine, or in a solution of chromic acid, If 

a fibre so treated be teased ont with 

needles, and the thin covering glass be 

mnartly tapped, the fibre will split up 

longitudinally into multitudes of minute, 

elongated threads—the muscularsibre fib- 

ville, A fibrilla may be regarded as 

a amen. OGUAlling in longth the fibre of which it 
Jivoiaalg tae formed a part, and like the fibre is trans- 
versely striped; but its breadth is not 

definite, and depends upon the minuteness with which 
the fibre has been split up in tho longitudinal direction. 
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imbedded in a “ground-substancs,” that forms the alter- 
nating dim and bright dises, which substance he believes 
to be anisotropous, whilst the muscle rods are isotropous. 
He regards the ground-substance as the true contractile 
part of the fibre, 

Each transversely striped fibre is invested by a homo- 
geneous membrane, the sarcolemma or myodemma, which 
is so transparent as to allow the characteristic transverse 
strim to be distinctly seen through it, The sarcolemma is 
80 closely incorporated with the periphery of the fibre, that 
its isolation and demonstration as a distinct membrane in 
the fibres of the mammalia are attended with some diffieulty ; 
but when water is added to tho living fibre of frogs and fish, 
it is absorbed, and elevates the sarcolemma from the sarcous 
contractile particles, Thin describes the sarcolemma as 
covered by a layer of flat cells. If acetic acid be added 
to n muscular fibre the transverse atric become less 
distinct, and a number of oval bodies come into view, 
‘These are especially to be seen next the periphery of the 
fibre in relation to the inner surface of the sarcolemma, 
though some apparently lie deeper in the substance of the 
fibre. These bodies have long been known as the nuclei 
of the striped fibre. More recent investigations have, how- 
ever, shown that each nucleus lies in a little finely-dotted 
protoplasm, which often extends in a fusiform manner 
beyond the ends of the nucleus. These nuclei, with their 
investing protoplasm, have the anatomical characters of 
nucleated cells, and are called the muscle corpuseler, 

Some peculiar modifications of the striped muscular fibre 
are met with in certain localities. Asa rule, this form of 
fibre does not branch ; but in the muscles of the tongue 
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correct, spaces in the interior of the muscular filres are 
continuous with the lymphatic system, The vascularity 
of the fleshy belly is much greater than that of the terminal 
tendons of attachment, and the nutritive changes are much 
more active in it than in them. The mode of termination 
of nerves in muscle will be considered in the section on 
nervous tissue, 

‘Tho contractile fibro-colls of the non-striped muscular 
fibre are formed by the gradual elongation of the rounded 
cells of the middle germinal layer, or mesoblast, of the 
embryo into spindle-shaped cells, the oval nuclei at the 
same time becoming elongated, 90 as to assume a rod- 
shaped form. Usually the spindle colls which lie in the 
same linear series become cemented together into the smooth 
fibres of this form of muscle. 

The mode of development of the striped fibre from 
the mesoblast cells is more difficult to follow out, and 
various statements have been made as to the successive 
‘stages of its formation. Schwann believed that a fibre 
was built up of the embryonic cells of the part, which 
arranged themselves in linear series, coalescing with each 
other at their surfaces of contact; that the contents of 
the cells then became transversely striated, and that the 
cell walls formed the sarcolemma. Savory and Lockhart 
Clarke mnintained that a formation of blastema took 
place around free nuclei, and that this blastoma gradually 
assumed the striated character, Remak, Killiker, Wilson 
Fox, and Frey have, however, by studying the carlieat 
stages of development in the very young embryo, estab- 
lished the fact that the striped fibres are developed from 
the cells of the embryo, though not in the manner described 
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the heart, the cells of the embryo heart branch and anasto- 
moee, and the nuclei multiply. By the transverse striation 
of the protoplasm of these cells the branched muscular fibres 
of the heart are produced. 

In the growth of a muscle the individual fibres increase 
in size, so that they are bigger in the adult than at the 
time of birth. The observations of Budge, Weismann, and 
Beale show that new fibres may also form in a muscle. 
Weismann believes that this increase may be due to a 
longitudinal splitting of a pre-existing fibre; but Beale 
> maintains that the new fibres are produced in the muscle 
in the same manner as the original fibres of the part. 


The Nervous Tissue and the tissues which form the 
Blood and Lymph Vessels will be described in the chapters 
on the Nervous and Vascular systems. 


& nerve connects & nerve centre with a peripheral end- 
organ, and conducts impulses from the centre to the 
end-organ, it is a centro-peripheral or centrifugal nerve. 
When a nervo connects a peripheral endorgan with 
contre, snd conducts impulses from the end-organ to 
the contro, it is a periphero-ceatral or centripetal nerve. 
Owing to the different directions in which impulses are con- 
ducted by nerves, the varying nature of their end-organs, 
nd the structural and functional differentiation of the nerve 
centres, or portions of the nerve centres in which their 
central extremities terminate, nerves vary so in their 
functions, that classification of the nerves, based upon 
their functional properties, has been proposed. Of the 
centro-peripheral nerves, those which end in, and conduct 
impulses to the muscles are motor nerves; those which * 
end in, and conduct impulses to the museular coat of the 
blood-vessels are vaso-motor nerves ; those which terminate 
in connection with, and conduct impulses to the secreting 
cella of a gland, are secretory nerves; whilst some physio- 
logists have named nerves which they bélieve to terminate 
in the tismes and to conduct impulses for the regulation of 
their nutrition, trophic nerves. It should be stated, how- 
diver, that it is not yet absolutely determined that the cell 
oloments of the tissues have special nerves terminating in 
connection with them for the purpose of exercising a direct 
influence over their nutrition, Should these special nerves 
be non-existent, then the nutritive functions would be 
influenced solely by the vaso-motor nerves, which regulate 
the size of the blood-vessels and the amount of blood 
which flows through a part in a given time, Certain 
nerves which conduct impulses, by virtue of which the 
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Nenvous Tissvz 


‘The several parts of the nervous system aro not uniform 
in colour, some being white, others grey, ‘The nerves, 
at least those of the cerebro-spinal system, are invariably 
white, and white masses, variable in aize, are met with 
in the brain and spinal cord; they constitute the white 
matter of the nervous system, In the nerve centres, both 
of the corcbro-spinal and sympathetic systems, grey matter 
is found, sometimes in considerable quantities, This'grey 
colour is 20 characteristic, that it may be regarded as 
marking the position of a nerve centre, 

The nervous system possesses a characteristic form of 
tiasue—the nervous tissue—which in part consists of fibres 
(Nerve Fibres), and in part of cells (Nerve Cells). The nerve 
cells are found in the grey matter—that is, in the nerve 
contres—and sometimes also in the peripheral end-organs. 
The nerve fibres constitute the nerves, enter into the nerve 
contres, and pass into the peripheral end-organs; they form 
the white matter. But in addition to the characteristic 
nervous tissue, the nervous system also contains a con- 
sidernble quantity of connective tissue, numerous blood- 
‘yossels, and some lymph vessels. 

Nerve Fibres.—Nerve fibres are of two kinda: a, the 
white, modulated, or dark-bordered fibres, which are the 
characteristic fibres of the cerebro-spinal nervous system, 
though they do also sparingly occur in the sympathetic 
system ; 6, the pale, non-medullated, or gelatinous nerve 
fibres, which are the characteristic fibres of the sympa- 
thetic nervous system. 

BMedullated Nerve Fibret.—To examine the structure of 
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cally, and is believed to be tho part of the fibre directly 
concerned in the conduction of nervous impulses; whilst the 
investing structures serve the purpose of insulating mato- 
rials, Lister and I pointed out, in 1859, that essntial 
differences in chemical composition existed between the 
axial cylinder and the medullary sheath ; the former being 
unaffected by chromic acid, though the latter is rendered 
opaque and brown, and concentrically striated ander its 
influence ; while, on the other hand, the axial cylinder is 
stained red by an ammoniacal solution of carmine with 
great facility, although the medullary sheath is unaffected 
by it. We further showed that theso differences in the 
mode of action of chromic acid and carmine might 
advantageously be employed in the demonstration of the 
structure of nerve fibres. Ranke has subsequently stated 
that the axial cylinder possesses an acid, and the medullary 
sheath an alkaline reaction. 

‘The presence of a layer of flat cells between the primitive 
tnembrane and the white medullary substance has recently 
been described by Thin. 

Medullated nerve fibres vary materially in diameter in 
different parts of the nervous system. In the brain, for 
instance, they are sometimes as fine as the +5}59th inch; 
whilst, in the distributory nerves, fibres of yzygth of an 
inch in diameter may be seen ; though it should be stated 
that, even in the nerves of distribution, fibres of great 
minuteness are often placed in the same bundle with those 
of the largest size. Nerve fibres do not branch in their 
course, but only at their central or peripheral terminations, 
and much more frequently at the latter than the former, 

Non-medullated Nerve Fibres —Theee fibres, which are 
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favour of the existence of the axial cylinder as s normal 
constituent of the fibre, and of its functional importance. 

Neree Cells, —Nerve cells constitute an important division 
of the nervous tissue, ‘They are the characteristio structures 
in the nerve contres,aresusceptible toimpressions, or nervous 
impulses, and are the texture in which the molecular changes 
veeur that produce or disengage the special form of enengy 
named nerve energy, the evolution of which is the distine- 
tive mark of a nerve centre, The central extremities of the 
nerve fibres lie in relation to, and are often directly con- 
tinous with, the norve cells, It was atone time thought 
that nerve cells were globular in form ; but it is now gene- 
rally understood that, though the body of the cell is not 
unfrequently globular, two or more processes or poles 
project from it, and are continuous with its substance, 
Nerve cells are distinctly nucleated ; the nuclei are usually 
large, and contain one, and often two nucleoli. The cell 
substance is granular and fibrillated, and not unfrequently 
brown or yellow pigment is collocted around the nucleus. 
A cell wall is sometimes apparently present, though at others 
it cannot be demonstrated. The nerve cells in the grey 
matter of the brain and spinal cord are imbedded in the 
neuroglia, In the smaller nerve centros, as the sympathetic 
ganglia and the ganglia on the posterior roots of the 
spinal nerves, the nerve cells are surrounded by a capsule 
of connective tissue, Friintzel, Killiker, and others, have 
described this capsule as lined by an endothelium formed 
of flattened colle. 

Nerve cells from which two poles or processes proceed 
are called Bipolar, Characteristic specimens of these cells, 
as was first pointed out by Robin and R, Wagner, may be 
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believe that they have traced it into the nucleus; but the 

spiral fibre apparently arises nearer the periphery of the 

cell, Tho pyriform cells are invested by 
a distinct capeule of connective tissue. 
‘The nerve fibres of these pyriform cells, 
although they both arise close together 
from one end of the cell, represent its 
pole, Should one of the poles, either 
in this, or in the bipolar form of nerve 
cell deseribed in the preceding paragraph, 
be from any cause removed or not de- 
veloped, then the cell would be unipolar ; 
and if both poles were absent it would 
be apolar, 

Ye. 0.—Pyritorm 1 other localities, as in the sympa 
Soiph Gevemen; thetic ganglia of man and many other 
Ahk: 'C. tapnis of Vertebrates, and in the several subdivisions 
Srang’nacre eat of the cerebrospinal nervous axis, the 
(ier Beis)“ norve colls have more than two. poles 

or processes projecting from them. Cells of this kind 

are called multipolar, and in many localities they pre 
sent characteristic forms. In tho grey 

matter of the spinal cord, more especially 

in its anterior horn, they give rise to 

numerous processes, and have a stellate or 

radiate form (Fig. 68). In the grey matter 

, 00 the surface of the convolutions of the 

"fea ua cerebrum they are pyramidal in shape ; 
Sspnit of soee the apex is directed to the surface of the 
Bebaltce) convolution, the base towards the white 

matter (Fig, 92); the processes arise from the base, apex, 
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continuous with a nerve fibre, and bas been named the axial- 
cylinder process (Fig. 68). This process was first recog: 
nied by Deiters in the cells of the spinal cord; but Hadlich 
aud Koschennikoff have since described the central process 
of the cells of the corebellum as continuous with a medallated 
nerve fibro; and the latter observer has pointed out, that 
from the base of a pyramidal nerve cell in a cerebral con- 
volution a process may be traced directly into a nerve fibre. 
Hence it would appear that the multipolar nerve cells may 
have two modes of union with nerve Sbres—one directly 
through the passage of the non-branched axial-cylinder pro- 
cess into a fibre, the other through the origin of fibres from 
the minute network in which the branched protoplasm 
processes terminate, The branched proceases of adjacent 
nerve cells may also blend with each other, so a8 to form 
an anastomosing cell network, though these anastomoses 
are, in all probability, not so frequent as was at one time 
aupposed. Schultze has pointed out that not only ‘the 
protoplasm substance of the body of a multipolar nerve 
coll, but both the non-branched and branched processes, 
possess @ fibrillated structure similar to that described by 
him in the axial cylinder of the nerve fibres. 

Peripheral End-Organs or End Boxlies,—Nerve fibres at 
their peripheral extremities terminate in connection with 
peculiar structures, named end-bodier, terminal bodies, or peri= 
pheral end-organs, which are situated in the several organs of 
the body. The motor nerves end in the voluntary and in- 
voluntary muscles; the vaso-motor nerves end in the mus 
cular coat of the blood-vessols; the sensory nerves end in 
the skin, mucous membranes, and organs of spocial sense ; 
nd it is probable that secretory nerves terminate in oon- 
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described peculiar bodies, called motorial end-plater, at 
the extremity of these nerves. These énd-plates consist 
of a clump of richly nucleated protoplasm, somewhat oval 
or perhaps irregular in form, into which the axial cylinder 
of the nerve fibre penctrates, The exact position of these 
end-plates in relation to the muscular fibrea is difficult to 
determine, Krause holds that they lie outside the sarco- 
lemma, but ndberent to it; whilst Kiihne, Margo, and 
Ronget maintain that the end-plate lies within the sarco- 
lemma, and that the nerve fibre has to pierce that mem- 
brane before it can enter the end-plate. After tho axial 
cylinder has entered the end-plate it subdivides into very 
minute branches. Each muscular fibro has apparently 
only a single end-plate, and consequently only a single 
nerve axial cylinder in connection with it. 

In the non-striped muscles the nerves are distributed in 
the connective tissue which separates the fasciculi from 
each other. Here they form plexuses, which, as was shown 
by Beale, in the coats of the arteries, in the myenteric 
plexus of Auerbach, in the muscular coat of the intestines, 
in the muscular coat of the bladder and elsewhere, havo 
collections of nerve cells, forming microscopic ganglia lying 
in them. From these plexuses fibres arise which subdivide 
into delicate non-medullated fibres possessing nuclei, These 
delicate fibres form still finer plexuses, which in their turn 
give origin to minute fibres, which pass between the 
muscular fibre cells to form a still more minute intra- 
muscular network. Frankenhiiuser maintains that the 
delicate nerve fibrils which arise from this terminal network 
penetrate the muscular fibre cells, enter the nuclens, and 
terminate in the nucleolus; but Arnold considers that, after 
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been seen by Elin to end in the epithelial investment of 
the mucous membrane of the month, 

Connected with the sensory nerves in some localities are 
the remarkable bodies named the Corpuscles of Pacini, 
which were the first terminal organs discovered in conneo- 
tion with the peripheral distribution of the nerves. These 
corpuscles have been found attached to the nerves which 
pass to the skin of the fingers and toes, to the nerves 
which supply the skin of the neck and arm, to the inter- 
costal nerves, to the nerves of the joints, to the nerves of 
tho periosteum, to the nerves of the genital organs, and 
to the mesenteric nerves, In cats they are often extremely 
abundant both in the mesentery and omenta, A Pacinian 
corpusele can be seen by the naked eye, and looks like a 
minute grain from th to Jyth inch long, It is elliptical 
in form, and may either be sessile or attached to the nerve 
stem by a slender stalk, Examined microscopically, it is 
seen to consist of numerous layers of connective tissue 
concentrically arranged, which form its capsule, and 
surround 8 central core of transparent homogeneous proto 
plasm. Numerous connective tissue corpuscles may be 
seen in the concentric layers, and Hoyer has recently shown 
that an appearance of flat endotholial-liko cells exists on the 
inner suriiice of the layers of the capeule, Entering one 
pole of the corpuscle is a nerve fibre which extends along 
the axial core for a considerable distance, and usually termi- 
nates in a slight bulbous enlargement. The nerve fibre 
parts with its perineurial sheath after it enters the Pacinian 
corpuscle; and as it lies in the core it loses its medullary sub- 
stance, 0 that its terminal part consists only of the axial 
cylinder, Sometimes the nerve fibre divideaintotwobranches 
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within the corpuscle. Capillary blood-vessels are distributed 
to the concentric layers of the Pacinian corpuscle. 

‘The mode of origin of the nervous tissue in the course 
of development of the embryo is still involved in some 
obscurity. It has, however, been ascertained that the cells, 
both of the epiblast and mesoblast, participate in its 
formation, The nerve cells of the brain and spinal 
cord, and the nerve fibres alzo, either altogether or in 
great part, are derived from the cells of the epiblast, whilst 
the distributory nerves, both cranial and spinal (excopt 
the olfactory bulb and peduncle and the optic nerve), 
the ganglia situated on these nerves, and the ganglia and 
distributory nerve fibres’ of the sympathetic ayatem, are 
differentiations of the cells of the mesoblast. The embryo 
cells multiply by division, and possess at first a rounded 
form, Thty then assume characteristically granular and 
finely fibrillated contents, and processes or polea appear 
at the periphery of the cells, which, according to the 
observations of Beale, connect adjacent cells together, 
As the growth of the part goes on, the cells are more 
widely separated from each other, and the anastomosing 
Processes in consequence become considerably elongated, 
and form the axial cylinder of the nerve fibre. In the course 
of time the medullary sheath and the primitive membrane 
may form around this axial cylinder so as to insulate it, 
The exact mode of formation of the medullary sheath is 
not properly understood; but it is believed that the primi- 
tive membrane, and the porineurial connective tissue, are 
derived from those surrounding embryonic cells which 
differentiate into connective tissue. Of the two originally 
contiguous cells from which the nerve fibre is, as it were, 
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Mesarayes or Beary axp Srrvat Corp. 

‘The brain and spinal cord are invested by three mem- 
branes or meninges, which lie between them and the 
bones that form the walls of the cranial cavity and spinal 
canal. The membranes are named dur mater, arachnoid 
mater, and pia mater, 

Dera mater.—The most external membrane, named 
dura from its firmness, consists of a cranial and a spinal 
division. The cranial part is in contact with the inner 
table of the cranial bones, and is adherent along the lines 
‘of the sutures and to the margins of the foramina, which 
transmit the nerves, more especially to the foramen mag- 
num It forms, therefore, for these bones an internal 
periosteum, and the meningeal arteries which ramify in it 
are the nutrient arteries of the inner table, As the growth 
of bone is more active in infancy and youth than in the 
adult, the adhesion between the dura mater and the cranial 
lyones is greater in early life than at maturity. From the 
inner surface of the dura mater strong flattened bands pass 
into the cranial cavity, and form partitions betwen certain 
of the divisions of the brain. A vertical longitudinal mesial 
band, named, from ite sickle ahape, fale cerebri, dips between 
the two hemispheres of the cerebrum. A smaller sickle- 
shaped vertical mesial band, the falz cerebelli, attached to 
the internal occipital crest, passes between the two hemi- 
epheres of the cerebellum. A large band arches forward 
in the horizontal plane of the cavity, from the transverse 
groove in the occipital bone to the clinoid processes of the 
sphenoid, and is attached laterally to the upper border 
of the petrous part of each temporal bone, It separates 
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sinuses paxx usually from before backwards: a superior 
longitudinal along the upper border of the falx crebri, from 
the crista galli to the internal occipital protuberance; an 
inferior longitwctinat along its lower border as faras the tento- 
rium, where it joins the straight sinus, which passes back as 
far as the same protuberance. One or two small cecipital 
sinwecs, which lie in the falx oerebelli, also pass to join the 
straight and longitudinal sinuses opposite this protuberance; 
several currents of blood mect, therefore, at this spot, and 
as Herophilus supposed that a sort of whirlpool was 
formed in the blood, the name torcular Herophiti has 
beon used to express the meeting of these sinuses, From 
the torcular the blood is drained away by two large 
xinusea, named faferal, which curve forwards and down- 
wards to the jugular foramina to terminate in the internal 
jugular veing. In its course each lateral sinus receives two 
petroval sinuses, a superior and an inferior, which pass from 
the cavernous sinus backwards along the upper and lower 
borders of the petrous part of the temporal bone. 

‘The spinal part of the dura mater hangs loosely in the 
spinal canal, and forms a tubular investment for the spinal 
cond, It does not serve as 4 periosteum for the vertebrae, 
which posnes a distinct periosteal covering, between which 
and the dura mater loose fat and a plexus of veins are 
situated. Tt gives off no bands from its inner surface, and 
it doos not aplit into two layers for the lodgment of venous 
blood sinuses, The spinal dura mater forms a tubular enve- 
lope for the spinal cord and the origins of the spinal nerves. 
Tt extends from the foramen magnum, where it is con- 
tinuous with the cranial dam mater, to the lower end of the 
sacral canal, ends below in a funnel-shaped prolongation, and 
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wite the fissures between the convolutions of the cerebrum, 
the interval between the arachnoid and the pia matter can, 
however, always be seen, for the arachnoid does not, like 
the pia mater, clothe the sides of the fissures, but passes 
directly across between the summits of adjacent convolu- 
tions, The subarachnoid space is divided into numerous 
{eoely-communicating loculi by fasciculi of delicate areolar 
tissue, which bundles are invested, as Key and Retzins have 
shown, by a layer of flat endotheliablike cells Beneath 
the layers of flat cells fibres, resembling those of elastic 
tissue, are rolled in an angular or spiral manner around 
the fasciculi. ‘The space contains a limpid cerebrospinal 
fluid, which varies in quantity from 2 drachms to 2 ounces, 
‘The fluid is alkaline, of sp. gr. 1:005, contains a little 
albumen, and a substance which, as I pointed out some 
years ago, reduces blue oxide of copper to the state of 
yellow sub-oxide. The arachnoid membrane is made up 
of delicate connective tissue. The free surface next the 
sub-dural space is smooth, like a serous membrane, and 
covered by a layer of squamous endothelium, This layer 
is reflected on to the roots of the spinal and cranial nerves, 
and, when they pierce the dura mater, it becomes con- 
tinuous with the endothelial lining of that membrane. 
As the arrangement and structure so closely correspond 
with what is seen in the serous membranes, many anato- 
mists regard the arachnoid as the visceral layer of a serous 
membrane, and the endothelial lining of the dura mater as 
the parietal layer, whilst the sub-dural space is the inter- 
mediate cavity. 

When the skull cap ia removed, clusters of granular 
bodies are usually to be seen imbedded in the dura mater 
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which pass from the pia mater into the brain and spinal 
cord are invested by a loose funnelshaped ubeath, which 
has been deseribed as forming the wall of a peri-vascular 
lymphatic vessel; but Key and Retzius consider that 
the space between the blood-vessel and the sheath opens 
into the subarachnoid space, and contains cerebrospinal 
finid, They believe that they have proved that the sub- 
arachnoid cerebro-kpinal spaces are in free communication 
with the serous and lymphatic spaces of the organs of 
sense, and that through the entire peripheral nervous 
wystem, even to its furthest ramifications, a serous system 
exists, which along the nerve roots is in free communica- 
tion with the central sub-aruchnoid spaces. They also 
describe the ventricles of the brain as in communication 
with the subamchnoid spaces, A network of lymph 
vossols ramifies freely in the pla mater, It is also well 
provided with nerves, which arise from the posterior roots 
of the spinal nerves, from some of the cranial nerves, and 
from the carotid and vertebral plexuses of the sympathetic, 
‘The epi-cerebral and epi-spinal spaces described by His as 
existing between the pia mater and the brain and spinal 
con! are in all probability artificial productions, 

Tn the spinal canal a slender fibrous band projects from 
the pia mater covering the side of the cord, and, pushing 
the arachnoid mombrone in front of it, is attached by 
about twenty-two pairs of denticulated processes to the 
inner surface of the dura mater, It is named [gamentum 
deatioulatum, and its teeth alternate with the successive 


pairs of spinal nerves. 
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missures the two halves of the cord are united together, 
The fibres of the posterior commissure surround a canal, 
called the carat canal, which extends along the whole 
Jongth of the cord, and even passes into the upper end of 
the filam terminale, This canal is lined by a ciliated 
columnar epithelium, and expands superiorly into the 
cavity of the fourth ventricle, The attached ends of these 
columnar cells are elongated, and project into the neuroglia 
Of the posterior commissure which surrounds the canal. 
Each Isteral half of the cord is subdivided into three 
columns by two depressions, which mark the points of 
emergence of the 

roots of the spinal 

nerves, The an- 

terior nerve roots 

poss through the 

| anterolateral de- 

pression or fissure, 

and between itand 

the antero-median 

fissure is the an- 

Peres eens eas 
Butars srt EE oe nee cen el acan eee eae 
Ceniral canal of cord, with its columnar epithelial €tiOr Nerve roots 
Serko ivar aedeac vous: © ariainel Be 
"gure, and between 

it and the postero-modian fissure is the posterior column, 
whilst between the anterior and posterior nerve roots lies 
the lateral column, In the cervical region, the part of the 
posterior column which lies next the postero-median fissure 
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into the cord, the fibres of these roots pass horizontally or 
obliquely in their course inwards to the grey matter, 
‘The fibres of the anterior and posterior commissures have 
also a horizontal course, Those of the anterior commin- 
sure pass from the anterior cornu of grey matter on one 
sido, across the bottom of the anterior median fissure, 
where they decussate with the corresponding fibres from 
the opposite side, and enter the anterior column of the 
opposite side, though some of the fibres bend back in the 
grey matter towards the posterior cornu. The fibres of 
the posterior commissure, more delicate than those of the 
anterior, not only lie at the bottom of the posterior median 


ins -Fossarenes hecion Mertngh Wi beteel cael ©. i com Oa 
Founding structures A, anterior, and ¥, posterior miodlan flamures: -A Ca 
Tertor, nnd FG, postertor columns. Ov the fet side the transversal divided 
fecve bree are not represented vo as to show the framework of, connestive 
Harada, anterior, an p<, postertor commmlmaren; G, grey malter with Ia 

erre cells; ¥, « pair of traniwrenely divided blood-voasals, probably velta 


fissure, but traverse the ncuroglia surrounding the central 
eanal, and enter the posterior cornua and posterior columns. 
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to the brain, and the motor impulses from the brain 
downwards to the muscles, But further, the cord is the 
great. nerve centre concerned in reflex excito-motory 
actions, It must, also, be remembered that the two halves 
of the cord are anatomically continuous with each other 
through the nerve fibres of the commissures, so that it acts 
a8 a single organ, and not as two organs. Experiments 
have shown that sensory impulses are conducted upwards 
through the cord, not by that half from which the nerves 
arise that have been excited, but by the opposite half of 
the cord, which is obviously duc to the crossing of the 
fibres of the posterior commissure, Motor impressions 
are, however, conducted downwards by that half of the 
‘cord from which the nerves arise that pass to supply the 
muscles to be moved. 

‘The spinal cord is well supplied with blood by numerous 
arteries, which ramify not only in the pia mater investing 
its periphery, but in the processes which dip into the 
median fissures, more especially the anterior, Small 
arteries enter the Jongitudinal columns perpendicular to 
their free surfaces, ramify in the connective tissue frame- 
work, and end in a capillary plexus for the supply of the 
nerve fibres. Other vessels, somewhat larger in size, pass 
through the columns into the grey matter, where they also 
‘re connected with a capillary plexus. The capillaries are 
much more numerous in the grey matter of the cord than 
in the white columns. In transverse seetions through the 
cord a pair of small vessels may often be seen imbedded in 
the neuroglia of the posterior commissure; these vessels 
lie parallel to and at the sides of the central canal (Fig. 74). 
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tho intercostal musclea, the levatores costarum, and the 
triangulares sterni, whilst the lower interccatal nerves 
run forwards and downwards into the wall of the abdo- 
men, and supply the oblique, the transverse, the recti, and. 
pyramidales muscles. The skin of the sides of the thorax 
and abdomen receives its nervous supply from the Lateral 
Ciwtaneows branches, whilst the skin on the front of the 
trank ie supplied by the Anterior Cutaneous terminations of 
these nerves. The lateral cutaneous branches of the second 
and third intercostal nerves are comparatively large in size, 
and assist in the supply of the skin of the inner side of 
the upper arm; hence they are called tntercosto-Aumeral 
nerves, The first thoracic, usually called the jiret dorsal 
nerve, for the most part ascends into the neck, to aid in 
forming the brachial plexus; only u small branch, ex- 
tending along the intercostal space as the first intercostal 
nerve (Fig. 76, 1). ‘The twelfth thoracic, usually called 
the twelfth dorsal nerve, runs along the lower border of 
the twelfth rib. 

Tn the regions of the neck, loins, and pelvis, the anterior 
divisions of the spinal nerves do not pass simply outwards 
to their distribution. In each region adjacent nerves in- 
terlace with each other, and form what is technically called 
& nervous plexws. When a branch arises from a thoracic 
nerve, it contains fibres derived from that nerve only; but 
when a branch arises from a plexus, it may contain fibres, 
not of one only, but of two or more of the nerves which, 
by their interlacement, form the plexus. Hence the parts 
which are supplied by these branches are brought into con- 
nection with a greater number of nerves, and consequently 
with a greater extent of the spinal cord or nerve centre, 



































Foo, 70—Tranerecse section through the medulla oblangata ut the decumation 
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its roof partly by the inferior vermiform process of the cere- 
bellum, the nodule of which projects into ita cavity, and 
partly by a thin layer, called walee of Viewssens, or anterior 
medullary wlum ; its lower lateral boundaries, by the diver- 
gent restiform bodies and posterior pyramids; its upper 
Isteral boundaries, by the superior peduncles of the cere- 
bellum; the reflection of the arachnoid membrane from the 


i. 
Pio. &.—Floor of the Fourth Veatride and adjacent structures, i, pineal 


Sica, Rin ‘Sitter ee ae 
Species sat iepe cake 
terior pyramids; 31, calemus seriptoriua, 

back of the medulla to the inferior vermiform process closes 

it in below ; above, it communicates with the agweduct of 

Syloins, which is tunnelled through the substanes of the 

corpora quadrigemina, Along the contre of the floor is 

the median furrow, which terminates below in a pen-ahaped 
form, the so-called culamus soriptorius, Situated on its 


floor are the fasciculi teretes, strives acoustice, and deposits 
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space or body, and three bent prolongations or cornwa ; the 
anterior cornu extends forwards and outwards into the 
frontal lobe; the posterior cornu curves backwards, 


Pia 89.—To show tho right ventricte and tho loft half of the Cormms Callosum, 
@, transverse Abres, and f, longitudinal dures of corpus eaflosum; ¢, anterlor, 
abd 4, posterior oornus of lateral ventricle: ¢ septum Incldum; J, corp) 
Sériatiim ; ¢, tala semicireaiaris: A, optic thalamus; &, choratd plexts; & tema 
Bpposempli m, hippocampus major: ® bippocaropus minor: o, eminentin cet 


outwards, and inwards into the occipital lobe; the de 
sending corre curves backwards, outwards, downwards, 
forwards, and inwards, behind and below the optic that 
lumus into the temporo-sphenoidal lobe, On the floor of 
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tained in the cerebral ventricles, which, under some patho- 
logical conditions, may increase greatly in quantity, #0 
as to occasion considerable dilatation of the ventricular 
cavities, 

If the corpus callosum be now divided about its middle 


Pia. W—A deeper dissection of the lateral Ventricle, and of the Velurs inter: 
Fontan. a, under murtace of corpus callorum, tried Beck, & 8, posterior 
tars of te fora, furmed back: ¢¢ anterior Hae ofthe oct 4, velam 
Iterpoalrum and, vilns of Owlen; ¢ ich ventricle: J corpus stiarum 
fi 8, tala necaletreatarss Ay A, optic halons 2 ebereid plosay; f twa 
Hippocampl; m hippocampus major In descending cornu w, bipporsispas 
rainor 9, eminentia collaceralis 


by a transverse incision, and the posterior half of this 
structure be turned back, the body of the fornix on which 
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derived from the blood, and in part produced by prolifera- 
tion of the proper cornea corpuscles. The intercellwlar 
matriz of the cornea consists of a laminated substance, 
the lamollm being arranged parallel to the surfaces of the 
commen, ‘The lamellm consist of extremely delicate filaments, 
collected into bundles, which are invested, sccording 
to Thin, by flattened cells, like the cellular investment 


into the connective 
tissue of the aclero- 
tic. Bowman de- 
scribeda translucent 
structureless layer 


tamina between the 
Fig. —Comea treated ty nitrate of liver. 9, compu nate Ye araa 


supera'lng two nf the ells lium and the cornea 
communieation between the 
‘vessel #nd A lacuna surrounding @ cornea curpurcle; proper, but it is 


toatelx of # : 
uate of the comment 4 lacuns of tho cornea pies = 
layer exists a a constant arrangement. Bowman and 
other observers have injected tubular spaces in the cornea 
which are apparently situated between the lamella. The 
exact nature of these spaces is somewhat doubtful, but 
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replaced by cones which are distinguished by their close 
arrangement, and the more slender form and inercaned 
length, especially of their outer segments. The external 
granule layer is well marked, and the central fibres belong 
ing to it, instead of passing vertically forwards, incline very 
obliquely or almost horizontally outwards to the internal 
granule layer, which, together with the layers anterior to it, 
is 20 thin us almost to have disappeared. In the yellow spot 
surrounding the fovea, the bacillary layer is also composed 
of cones which are not, however, so slender or so long as 
at the fovea itself. The layer of nerve cells and the inner 
part of the external granule layer are thicker than in the 
rest of the retina. The yellow spot is the part of the 
retina most sensitive to light. 

At the ora serrata or anterior border of the retina the 
nervous layers, including the rods and cones, cease ta 
exist. The radial connective tissue and internal limiting 
membrana are present ; from the radial tissue a layer of 
cells is prolonged forward in contact with the deep surface 
of the ciliary processes as the pars ciliaris retina, 

‘The retina is supplied with blood by the arteria centralis, 
which, traversing the axis of the optic nerve, reaches the 
retina at the optic disc. In the retina it branches dicho} 
tomously in the nerve fibre layer, avoiding however the 
yellow spot, and its terminal twigs reach the ora serrata, 
‘The capillaries form in the more anterior layers of the 
retina a distinct network, which does not enter the external 
granule and bacillary layers, but penetrates the yellow 
spot, though not the fovea centralis. The blood is conveyed 
from the retina by the central vein which accompanies the 
artery in the optic nerve, and opens either into the 
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conveyed away by two slender tubes, the lachrymal canals, 
which open by minute orifices, the puneta lackrymalia, one 
nt the inner end of the free border of each eyelid. These 
tubes open at their opposite ends into a emall reservoir, 
the /achrymat sac, situated in a hollow in the lachry:mal 
bono. From this aac a duct, the xaral or lachrymal duct, 
proceeds which opens into the inferior meatus of the nose, 
and here the tears mingle*with the mucous secretion of 


Fra. 104—Outer wall of the right nose, to show the openings of the Nasal Duct 
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Muscles of the Eyeball—The sclerotic coat of the eyeball 
has six muscles inserted into it. Four of the muscles are 
called recti, and are situated, one superior, one inferior, one 
external, another internal to the globe, They all arise 
from the rimof bone which bounds the optic foramen ; the 
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cells themselves. The epithelial lining of the duct is 
continuous with the cells of the rete Malpighii of the cuticle. 
In the axilla and groin the sweat glands are much larger 
than in the akin generally. The sweat glands arise as 
fiask-shaped pouches of the rete Malpighii projecting into 
the cutis, which in course of time become elongated into 
tubes, and the cells contained in which become the secreting 
cells of the gland. 

The cutis, with its vascular and nervous structures, is 
produced by a differentiation of the cells of the meso- 
blast. The two layers of the epidermis, with the cellular 
prolongations into the hair follicles, sebaceous glands, and 
sweat glands, are differentiations of the cells of the epiblast, 











































































































a 


ANATOMY, 


wall of the abdomen, and the iliolumbar branch of the 
internal iliac artery in the iliac fossa, ‘These inosculate 
with the branches of three arteries which ran from before 
backwards in the same parietes, Thus the internal mam- 
mary branch of the subclavian artery descends behind the 
cartilages of the ribs, and gives off the anterior inter- 
costal branches, which ran outwards to join the superior 
intercostal and aortic intereostale in- the thoracic wall; 
also the musculo-phrenie branch which inosculates in the 
diaphragm with the aortic intercostals and the phreaic 
branches of the aorta; whilst the internal mammary ter 
minates in the anterior wall-of the abdomen by incsculating 
with the deep epigastric artery, From the external iliac 
artery arise two branches—the deep epigastric and deep 
circumflex iliac, The deep epigastric ascends behind the 
rectus abdominis, inosculates with the superior epigastrie 
of the internal mammary, and with the lower intercostal 
and lumbar branches of the aorta. The deep circumflex 
iliac runs outwards along the line of the iline crest, and 
inosculates with the lumbar arteries and tho ilio-lumbar of 
the internal iliac, In the region of the pelvis the trans- 
verse branches of the middle sacral artery inosculate with 
the lateral sacral branches of the internal iliac. 

‘The statement has frequently been made that the visceral 
and parictal branches of the aorta do not anastomose with 
each other, but injections whieh I made some years ago 
proved that, both in the thoracic and abdominal cavities, 
slender anastomosing communications exist between the 
two sets of branches. In the abdominal cavity a wide ~ 
meshed plexus of small arteries, which I have named the 
sub- or extra-peritoneal plexus, lies in the fat outside the 






































ARTERIES OF HAND. 449 


The palmar portion of the ulnar artery, or superficial 
palmar arch, gives origin to the following branches :— 


Fra, 125.— 
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In the palm of the hand the radial artery and the deep 
arch which it forms give origin to— 


Fra, 126.—Dingram of the Arteries of the Hand. 
We radial artery: V, superfictal volar: 2, arteria magna pollicis; I, artery of 
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| % Arteria Magna Pollicis, which rons close to the 
tactacarpal bone of the thumb, and divides into two digital 
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* 6th. Between the subclavian and internal carotid of the 
same side: vertebral through the basilar and posterior 
cerebral with the posterior communicating of the internal 
carotid. 

7th. Between branches of subclavians of opposite sides. 
The two vertebrals with each other to form the basilar 
artery. 

The anastomoses of the branches of the external and 
internal carotid with those of the subclavien enlarge, and 
form secondary channels for the conveyance of blood to 
the face, head, and the upper part of the neck when the 
common carotid artery is obstructed by the application of 
a ligature. 


FOURTH GROUP—BRANCHES OF THE AORTA FOR THE 
LOWER LIMBS AND PELVIS. 


This group consists of the iliac system of arteries, which 
are produced by the so-called bifurcation of the abdominal 
aorta, 


Iliac System of Arteries. 

This system is composed of the arteries of supply for 
the pelvis and lower limb, and consists of the common 
iliac, the external and internal iliac arteries and their 
several branches. 

The Common Ix1ac artery springs from the abdominal 
aorta, at its so-called bifurcation, opposite the body of 
the fourth lumbar vertebra. It passes downwards and 
outwards for about two inches, and bifurcates opposite the 
side of the lumbo-sacmal joint into the external and internal 
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titia for the capillary. This coat is continuous with the 
connective tissue of the organ in which the capillaries are 
situated, and also with the adventitia of the small arteries 
and veins which the capillaries connect together, Capillaries 
have no muscular coat, and the appearsnce of muscular 
fibro cells in the vascular wall indicates the passage from a 
simple capillary either into a minute artery or a minute 
vein. The endothelial wall is therefore the simple fanda- 
mental form of the blood tube, and the fenestrated, the 


Pia, 189.—Cuplllary Network in the Web of the Feot of the Frog (from Atlen 
‘Thomson. 


muscular and the external coats are layers superadded as 
the blood tube increases in structural complexity. 
Capillaries have a network like or plexiform arrangement 
in the organs of the body, but the form of the network varies 
in different localities, and is to some extent regulated by the 
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from left to right behind the manubrium sterni, between it 
and the three great arteries arising from the transverse part 
of the aortic arch. These veins have no valves. Each 
brachiocephalic vein has opening into it: a, the inferéor 
thyroid vein, which descends from the thyroid body, in front 
of and by the side of the trachea, and receives the inferior 
laryngeal vein: b, the internal mammary vein, which is 
formed by the junction of the vonm comites of the internal 
mammary artery ; these ven comites receive small veing 
corresponding to the several branches of the artery: ¢, the 
superior intercostal vein, except in those cases in which this 
vein joins the azygos (fig. 137). 

The subclavian vein is a large trunk, formed by the 
junction of the superficial and deep veins of the upper 
limb, which are arranged as follows :—~ 

The superficial veins of the band commence at the tips 
and sides of the fingers, from whence they proceed to 
the back of the hand, beneath the skin of which they may 
be distinctly seen. They then ascond along the forearms, 
forming three large veins ; the radéal, on the outer side; 
the wlnar, on the inner ; and the median, in the middle of 
the front of the forearm. At the bend of the elbow the 
median divides into two branches, of which one, named 
median-cephalic, joins the radial to form the cephalic; the 
other, named median-basitic, joins the ulnar to form the basi- 
He vein, Into one or other of these two branches the surgeon 
generally makes an opening when he is desirous of drawing 
blood from the veins of the arm. The cephalic yein ascends 
along the upper arm, and’a little below the clavicle pierces 
the fascia to join the axillary vein, ‘The basilic pierces 
the fascia about the middle of the upper arm, and joins the 
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The Supctavian vein is the direct continuation of the 
axillary; it courses upwards and inwards across the root 
of the neck, and joins the interns! jugular, to form the 
brachio-cephalic vein, It lies anterior and inferior to the 
subclavian artery, and rests in a groove on the upper stir 
face of the first rib, in front of the scalenus anticus muscle, 
which separates it at that spot from the artery, It receives 
the vertebral vein, which descends at the side of the verte- 
bral artery, in the ;vertebrarterial foramina in the transverse 
processes of the cervical vertebre,.as far as the sixth 
vertebra, and then enters the subclavian vein : it receives 
various spinal-yvcins and the deep cervical vein. 

‘The subclavian voin also receives two of the superficial 
veins of the neck, the anterior and external jugular 
veins, 

The Anrenion JucuLan vein commences by the juno- 
tion of small rootlets in the superficial fascia of the sub- 
maxillary region : it descends close to the anterior middle 
line of the neck, and joina either the subclavian vein 
directly, or the external jugular vein, The opposite anterior 
jugulars are frequently connected together by a transverse 
branch which passes across the middle line, above the 
sternum, and superficial to the trachea. 

The Exrernat Jucunar vein commences in the sub- 
stance of the parotid gland, by the janction of the temporal, 
internal maxillary, trausverse facial, posterior auricular, and 
sometimes the occipital veins, all of which correspond to 
brapches of the external carotid artery, It passes obliquely 
downwards and backwards under the platysma ; bat super- 
ficial to the cervical fascia and sterno-mastoid muscle, anda 
little above the clavicle, pierces the fascia and enters the sub- 
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with the veins in the parietocceipital region of the scalp 
by two small emissary veins, which poss through the 
parietal foramina; and each lateral sinus communicates 
with the veins at the back of the head through the emis- 
sary veins which pass through the mastoid and the 
posterior condyloid foramina, Nuhn has described emis 
sary veins, continuous with the cavernous sinus, as passing 
through the foramen ovale in the sphenoid to become con- 
tinuous with the middle meningeal vein; Henle states 
that a similar vein goes, through the foramen Iaceram ; 
and Rektorzik has recorded s similar vein descend- 
ing through the carotid canal in the petrous bone. The 
occipital sinus communicates with the posterior spinal 
plexuses of veins; the inferior cerebellar veins, or the 
petrosal sinuses, join the venous plexus surrounding the 
upper end of the gpinal cord. The superior ophthalmic 
vein, by its communication, on the one hand with the 
cavernous sinus, and on the other with the veins of the 
face and forehead, connects the intra-cranial with the 
extra-cranial venous systema  Scseman maintains that, 
whilst the blood of the superior ophthalmic vein may flow 
into the cavernous sinus, yet that its chief outlet is into 
the facial vein, The middle meningeal veins arise in the 
dura mater, and leave the skull through the foramen 
spinosum to serve as rootlets for the internal maxillary vein. 

The Verns or THE Spine are arranged in relation to both 
the spinal column and the spinal cord. 

The Veins of the Spinal Column ramify on the exterior 
of the vertebre, in the substance of the vertebral bodies, 
and in the interior of the spinal canal. The extra-spinat 
or dorsal wins form a plexus on the back of the neural 
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They possess valves, and, according to Rivington, both 
apermatic veins have usually valves at their orifices. 

In the female the Ovantan veins ascend from the ovaries 
and terminate like the male spermatic veins. They form 
in each broad ligament a plexus, which anastomoses with 
the veins of the uterus, Rivington observed their valves 
to resemble in arrangement those of the spermatic veins. 

The Ruxat, veins pass almost transversely, one from the 
hilus of each kidney, into the sides of the venacava. The 
left renal vein is longer than the right, and crosses in front 
of the abdominal aorta, Crisp and Rivington have 
observed valves in these veins, especially where they join 
the inferior cava, 

The Surka-Revat or CarsvLan veins lie just above the 
renal, and proceed from the supra-renal capsules ; the right 
opens into the inferior cava, the left into the left renal, oF 
sometimes the phrenic vein, 

The Punenio veins open into the inferior cava, close to 
the diaphragm. 

The Heratic veins arise in the substance of the liver 
from the capillaries of the Iobules ; thoy converge to the 
fossa in which the inferior cava is situated, and open 
into it. 

The Common Intac vein is formed by the junction of 
the external and internal iliac veins. It commences near 
the sacro-iliae joint, and ascends to the level of the dise 
between the fourth and fifth lumbar vertebra, when it 
joins its fellow to form the inferior venn cava, As the 
junction takes place to the right of the mesial plane, the 
right vein is shorter than the left, and ascends nearly verti- 
cally behind, and then to the outer side of the right 
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the two layers of the broad ligament. The several venous 
plexuses in relation to the pelvic viscera are apt to become 
enlarged and gorged with blood, especially in old people, 
and the veins of the lower end of the rectum and around 
the anus are apt to undergo varicose dilatations, named 
hemorrhoids or piles, 

The Exreewat Intac vein is directly continuous with 
the femoral vein, ascends in close relation to the exter- 
nal iliae artery, and joins the internal ilixe to form 
the common iliac vein. It receives immediately above 
Poupart’s ligament the deep epigastric and deep cirewmsfler 
iliac veins. 

‘The Femonat vein is formed by the union of the super- 
ficial and deep veins of the lower limb, which are arranged 
as follows :—The superficial veins of the dorsum of the 
foot are separated from the deep veins by the deep fascia. 
They commence by very fine rootlets arising from the 
capillaries of the skin. At the sides of the toes they form 
the digital veins, and on the dorsum of the foot the digital 
veing form an arch, from the inner side of which a vein, 
called the loug saphenous, arises, ‘This passes upwands along 
tho inner side of the leg and thigh, increasing considerably 
in size in its course, owing to a number of veins joining 
it from the extensive surface of the skin of the limb, Tt 
terminates, at the upper part of the thigh, by passing 
through the saphenous opening in the fascia lata, and juins 
the femoral vein. From the outer side of the venous arch 
on the dorsum of the foot arises the external saphenous 
vein. which runs behind the outer ankle and on the back 
of the leg to the ham, where it pierces the popliteal fascia 
to join the popliteal vein. The deep veins begin both on 
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The Portal Venous Syetemt 

‘The portal system of veins is supplementary to the 
ayatem of the inferior vena cava, and is formed by the 
veins of the intestine, which correspond to the inferior and 
superior mesenteric branches of the abdominal aorta, and by 
Yoins corresponding to the branches of the ccclinc axis which 
go to the stomach, spleen, pancreas, and gall bladder. It 
collects and. conveys the blood from: those viscera and 
from the several divisions of the intestinal tube (fig. 141), 

‘The Ixrenton Mesenrente vein arises, ax the superior 
hamorrhoidal vein, from the hemorrhoidal plexus of veins 
around the lower end of the rectum ; it ascends behind 
the rectum, and is then joined by the sigmoid vein, Tn 
its further ascent the inferior mesenteric receives the left 
colic vein, and lies behind the peritoneum to the left of 
the inferior mesenteric artery ; it then passes behind the 
pancreas and ends in the splenic vein. 

‘The Surgaron Mesenrxere vein is formed by the june 
tion of the ileo-colic, right colic, and middle colic veins ; it 
receives the intestinal veins corresponding to the intestinal 
branches of the superior mesenteric artery and the right 
gastro-epiploic vein. Tt ascends in the mesentery to the 
right side of the superior mesenteric artery, goes in front of 
the duodenum, and behind the pancreas, to join the splenic 
vein and so form the portal venous trunk (fig. 141). 

The SpLentc vein commences in the substance of the 
spleen, from which it emerges at the hilus in five or six 
divisions, which unite in the gastro-splenic omentum into 
@ single vein. ‘The splenic vein runs to the right along 
with the splenic artery und behind the pancreas, and joins 
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surface of the valve are elongated transversely. Beneath 
the endothelium are bundles of connective tissue with 
clastic fibres, which are most distinct at the attached 
border of the valve. 

Veins have not the elasticity of arteries, and do not 
pulsate. All veine which have muscular fibres in their 
coats are contractile, Veins, like arteries, postess vasa 
vasorum, and vaso-motor nerves are distributed to the 
muscular tissue in their walls, When a vein is empty or 
ent across, it does not gape like an artery, but collapses, 
H. Hoyer has recently pointed out that at the tip of the 
digits some of the small arterial twigs open directly inte 
venous radicles, the communicating vessels being tortuous 
like a small glomerulus. 
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phatics, the superficial being situated next the investing 
coat of the organ, whilst the deep are situated along with 
the blood-vascular tranks in its substance. Lymphaties 
differ from veins in possessing in their coume glandular 
enlargements, the lymph glands; in having thinner coats ; 
in being almost uniform in sizoand much smaller than 
the veins ; in not as a rule uniting into larger vessels a5 
they pass onwards in their course; and in conveying lymph 
and not blood. They are for the most part fine thread-like 
tubes, and their main trunk, the thoracic duct, is not bigger 
than a crowquill, From the number of valves in these 
‘vessels, they present, when distended with fluid, a beaded or 
moniliform appearance. The lymph-vessels are divided into 
lacteal or chyle vessels and proper lymphatic vessels. 


Distribution of the Lacteal or Chyle Vessels. 


‘The Lactzan or Cayie vessets are limited to the 
intestine and its mesenteric folds, and are named from the 
milk-like chyle which they contain, They principally 
arise in the minute processes called intestinal villi, which 
project from the free surface of the mucous membrane of 
the small intestine into the canal of the bowel The 
lacteals from adjacent villi unite and form a network in 
the submucous coat of the intestine, from which larger 
lacteals arise, which picree the muscular coat, Imme- 
diately beneath the sorous coat longitudinal network 
exists, which communicates with the deeper lacteals. From 
these networks larger lacteals proceed, which enter the 
mesentery and ascend between its folds to its root of 
attachment at the posterior wall of the abdomen, where, 
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opposite the body of the first lumbar vertebra, they enter 
the receptaculum chyli or dilated commencement of the 
thoracic duct, 

As the lacteals ascend in the mesentery they pass 

through a number of bodies, about the size of, or some- 
what larger than, flattened peas, called the mesenteric 
glands, and as they unite in their ascent, they diminish in 
numbers and form larger vessels than when they emerged 
from the coats of the bowel. 
. Similar vessels, though fewer in number, arise in the 
mucous membrane of the large intestine, but not in intes- 
tinal villi, They also ascend to join the thoracic duct, 
and pass through glands similar to those within the 
mesentery, ; 


Distribution of the Proper Lymphatic Vessels, 


The Proper Lymphatic Vessels are situated in the other 
parta of the body than jthe intestine and its, mesenteric 
folds. By their junction with each other they form two 
lymphatic trunks, named the thomecic duct and the right 
lymphatic duct. 

The Tuoracic Ducr commences in the cavity of the 
abdomen about opposite the body of the first or eecond 
lumbar vertebra, whore it forms a dilatation, the recepta- 
culum chyli, which receives not only the lacteal vessels, 
but the lymphatics from the other abdominal viscera, from 
the abdominal walls, and from the lower limba. The 
thoracic duct passes through the opening in the diaphragm 
which transmits the aorta, ascends in front of the bodies 
of the dorsal vertebras, at first to the right of the aorta, and 
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skin of the back of the hand and palm, From the hand 
they ascend to the fore arm, and then run along the 
upper orm to the axilla, where they enter the axillary 
glands, In the superficial fascia, immediately above the 
internal condyle of the humerus, one or two lymphatic 
glands are found in the course of the superficial lymph 
vessels, 

‘Tho deep lymphatics ascend from the palm and accom- 
pany the radial, ulnar and interosseous arteries in the fore 
arm. Tn the upper arm they accompany the brachial 
artory, and with it enter the axilla, ‘The azillary lymph- 
glands, about twelve in number, lie in the fat of the axilla, 
and to them the deep and superficial lymph-vessela of 
the upper limb proceed. Along the course of the deep 
brachial lymphatics some small lymphatic glands are 
sometimes seen. In addition to the lymph-vessels of the 
upper limb, the axillary glands receive superficial lym- 
phatics from the anterior thoracic wall and the mam- 
mary gland, and the superficial lymphatics of the back. 
From the axillary glands lymph vessels proceed, whieh 
accompany the subclavian artery and join on the left 
side the thoracic duct, on the right side the right lym- 
phatic duct. 


‘The Lympnarics ov THe Heap aNd NxcK are arranged 
in a superficial and a deep set. The superficial lymphatics 
of the face accompany the facial vein to the submaxillary 
region; whilst the superficial lymphatics of the cranium 
run along with the occipital and temporal blood-vessels to 
the back and side of the mock. Deep lymphatics accom- 
pany the internal maxillary vein from the deep parts of 
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. 
work in the tissues, the strands of which are not more 
than yslyy to galygth of an inch in diameter ; he names it 
the diaplasmatic network, and it is apparently the juice 
passages just referred to. 

By Virchow and others it has been thonght that the 
connective tissue corpuscles are continuous with the lymph 
capillaries, and these also have beon named juice canals 

In some localities, as around the solitary and Peyer's 
glands, as well as around the glands of Brunner and other 
acinous glands, the lymph capillaries at their origin have 
not the form of cylindrical tubes, but are dilated into 

ly-shaped spaces, lined by an endothelium, Around 
the arteries of the pia mater, both external to and in the 
substance of the brain and spinal cord, are situated lymph- 
spaces, in the form of hollow cylinders, and termed the” 
pert-vascular canals; and a similar arrangement has been 
seen around the small vessels at the border of the cornea. 

Tn the eub-endothelial tissue of the serous membranes 
8 close network of mph capillaries i is situated, which, as 
Recklinghausen pointed out, 
communicate with the serous: 
cavity through small open. 
ings, or stomata, on its sar 
face, ‘These openings, as 
has already been described 
(p. 140), are surrounded by 
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Two sets of capillary vessels occur in the tissues and 
organs, the blood capillaries and the lymph capillaries. 
‘The network of lymph capillaries is not continuous with 
or even in contact with the network of blood capillaries, 
but the lymph capillaries lie in the meshes of the blood 
capillary network, and are separated from them by inter 
vening tissue elements, The blood which flows into the 
blood capillaries from the arterial system is for the most 
part conveyed directly onwards into the veins; but from 
the pressure to which the blood is subjected, in part 

its liquor sanguinis, with 

perhaps some white cor 

puscles, transudes through 

the delicate coats of the 

capillaries into the tissues. 

That which is required for 

the nutrition of the tissue is 

applied to that purpose. 

That which is not needed 

would accumulate in the 

tissues, were it not that 

a drainage system is pro- 

"tie mie ad (ioe perint o vided by means of the 
ior —— plasma channels, wheh con- 

Frome ieee voy it into the lymph eapil- 

Siamese laries, and from them it is 
‘ovcupled by the ‘love of wwe transmitted into the larger 

= lymph vessels, Hence, while 
there is only one cbaunel, viz., the arterial, for conveying 
pabulum to the tissues of an organ, there are two 
channels, viz, the venous and lymphatic, for conveying 
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LYMPH FOLLICLES bd 


The Lymph Follicles are expecially found in connection 
with the mucous lining of the alimentary canal, and oceur 
in the mucous membrane of the back of the dorsum of the 
tongue, in the tonsils, the wall of the pharynx, as the 
solitary glands of the esophagus, stomach, and intestines, 
and as the Peyer's glands in the small intestino: their 
characteristic tissue is also infiltrated into the basis eub- 
stance of the intestinal villi, and into the connective tissue 
which separates the tubular intestinal glands from each 
other. But the lymph follicles are not confined to the 
alimentary mucous membrane, They are situated in the 
conjunctiva, where they form the trachoma glands, in the 
mucous membrane lining the Eustachian tubes, in the laryn- 
geal, tracheal and bronchial mucous membrane, and they 
have also been seen in the mucous membrane of the urinary 
bladder and in that of the vagina. They are developed 
also in large numbers in the spleen, and form its Male 
pighian bodies, They constitute the structure of the thymus 
gland, Lymph follicles have also been described in-rela- 
tion to the pleura and the great omentum. The presence 
of lymph-follicles in the respiratory and intestinal mucous 
membranes is of interest in relation to the frequent forma- 
tion of tubercle, under certain pathological conditions, in 
those localities, 

‘The characteristic tissue of the lymph follicles has been 
variously named lymphoid tissue, lymph-follicwlar tistee, 
and adenoid tissue. It consists essentially of two struc 
tural elements: first, of colourless corpuscles resembling * 
those of the lymph and blood ; second, of stellate branch 
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From the capsule 
thin lamine pass into 
Pez, tn —Chaster of Lymphatte Geile f 6.4 cortinal subet 


the groin, Yetween some of which fusten 
Daas taken place, fo, vise afferestia: #6 a in 3608 


Yara etlerentla; o, small artorion, 

=e trabecalar framework, 
which divides the cortex into a number of compartments or 
alveoli, These alveoli contain rounded nodules, consisting 
of the proper glaudolar or follicular tissue of the lymphatic 
gland, which is arranged therefore as a number of follicles, 
called the follicles of the cortex. As the trabeculm do not 
form perfect partitions between adjacent follicles, the tissue 
of one follicle is to some extent continuous with that of those 
which lie around it. These follicles are formed of lymphoid 
tissue, resembling in structure the lymphoid follicles already” 
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person, a prolongation of the gland, named the pyramid, 
ascends from the upper border of the isthmus, in front of 
the ericoid and thyroid cartilages, as far even as the hyoid 
bone. A muscle, called levator glandula thyroider, is 
often seen passing from the pyramid, or the adjacent part 
of the gland, to the hyoid bone, The gland is normally 
bigger in women than jn men, It often undergoes @ 
pathological enlargement, named bronehocele or goitre. 
In many mammals, as the camel, alpaca, nylghau, harte- 
beest, dog, warthog, porcupine, and kangaroo, the isthmus 
is wanting, and the two lateral lobes sre quite discon 
nected ; whilst in the feline carnivora the isthmus is very 
small in relation to the size of the lateral lobes. 

Structure.—The thyroid gland is closely invested by a 
thin capsule of connective tissue, and is not divided into 
definite lobules, capable of separation from each other. 
When sections are made into its substance it is seen to be 
made up of numbers of closed vesicles, separated from 
each other by intermediate connective tissue, which is 
continuous with the investing capsule, ‘These vesicles are 
just visible to the naked eye, and are spherical or ovoid in 
form (fig. 158). Each vesicle is said to be bounded bya 
delicate hyaloid membrane, lined on its inner surface by a 
single layer of somewhat cubical epithelial cells ; but Pere 
meschko thinks that no hyaloid membrane is present, and 
that the cells rest directly on the surrounding connective 
tissue. * The vesicles contain a translucent, viscous fluid, 
which coagulates by the action of heat, alcohol, or auitrie 
acid. The enlargement of the gland in goitre is duc to a 
distension of the vesicles, and an accumulation of the 
glairy colloid fluid in their interion 
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SUPRA-RENAL CAPSULES. 


‘The Supra-renal Capsules or Glands, or Ad 


phragm by its posterior surface. In front of the right 
is the liver; in front of the left gland are the pane 


upper end of the kidney, to which it ts attached i 
areolar tissue. A fissure, named the fils, which te 
mits the supra-renal vein, exists in the anterior 


Each gland measures on the average about 1} inch in | 
vertical diameter, 1 inch in its transverse, and } inch in 
thickness. Relatively to the size of the entire body, 


in adults, 
Structure.—The supra-renal gland is invested by a thi 
copenlo of connective tissue ; it sends procenses into the 


ment, in the meshes of which cells are situated. 
Gel mann ad oe Ge 
nal, firm cortical part, of a yellow colour; and ao 
soft, medullary part, of a deep brown colour. 


Tho cortical part consists of cells imbedded in a tre 


Julius Arnold as if arranged in three zones, The ou 
layer, or zona glomerwlosa, is thin, and its conn 


tissue surrounds roundish spaces or alveoli, occupied by 
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the investing capsule, and ond in a capillary plexus, which 
is distributed in the trabecular framework of connective 
tissue ; and the meshes of the capillary plexus correspond 
in their general: arrangement with that of the connective 
tissue in which they ramify. Arnold states that they 
form glomeruli in the zona glomerulosa, elongated meshes 
in the zona fasciculata, and a fine network in the zona 
reticalaris and in the medulla, In the medullary part the 
large capsular vein arises, and smaller veins spring from 
the capillaries of the cortical part. Lymph vessels have 
been seen to leave the supra-renal glands, but their distri- 
bution in them is not known. Nerves are very abandantly 
distributed to the gland: they are derived from the renal, 
capsular, and phrenic plexuses of the sympathetic, and 
from the phrenic and pneumogastric nerves ; so abundant 
are they, indeed, that Bergmann and Luschka consider 
the glands to be more intimately associated with the 
nervous system than with any of the other organic systema, 
They traverse both the cortical and medullary parts of the 
organ, and have nerve cells associated with them. Small 
detached accessory supra-renal glands are sometimes seen, 

‘The fanction of the supra-renal glands is not fully aseer- 
tained. A curious correlation between pathological changes 
in these bodies and a bronzed hue of the skin, accom 
panied by emaciation and debility, has been pointed out by 
Addison. 
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PINEAL GLAND, 


The Pineal Gland, Conarium, or Epiphysis cerebri, is 
a reddish body, shaped somewhat like a minute fir cone, 
which is enclosed within the velam interpositum of the pia 
mater. It lies on the anterior pair of the corpora quadri- 
gemina of the cerebrum, under cover of the posterior end 
of the corpus callosum, Attached to its anterior surface 
are two white bands of nerve fibres, which pass forwards 
on the inner sides of the optic thalami, and are named 
the peduneles of the pineal gland. It is invested by a cap- 
sule, and is divided by an internal framework of connective 
tissue into small alveoli, which contain roundish lymphoid 
cells, spindle-shaped cells, and multipolar cella, The 
stroma contains @ network of capillary blood-vessels and 
medullated nervo fibres. The multipolar cells are larger 
than the lymphoid and spindlelike cells, and are believed 
by some observers to be nervous. It is often hollowed 
out into one or two cavities, which contain not only an 
inspissated fluid, but amylacoous and gritty calcareous 
particles, termed brain sand. It is developed in relation 
to the upper part of the third ventricle, and is present 
throughout the vertebrata. Ita function is unknown, 
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cells arrange themselves so a8 to form the wall of a single tube. 
‘The cells of tho wall are contractile, and in the course of time 
differentiate into muscular tissue and an endocardium. But from 
tho recent observations of Killiker, on the early stages of derelop- 
ment of the mammalian embryo, it would appear that the single 
tube ia preceded bya stage, in which there are two tubes situated side 
by side, which, however, soon fuse together end then form » single 
tube. This tube receives at its posterior and two emphale-mene- 
teric veins from tho vascular area, It gives off anteriorly two 
arteries, the venfral aortic roots, which run forwards at the sides of 
the primitive pharynx ; they then arch towards the embryenic 
spine, ran backwands below the primordial vertebre, and form the 
two primitive dorsal aorta, from which arise the omphalo-mesen~ 
teric arteries that peas into the vascular area, Two transverse 
constrictions then appear in the wall of the simple heart tube, 
which indicate a differentiation into three chambers—a 

or primitive auricle; an anterior, the arterial bulb or treneue 
communis arteriosus; and an intermodiate chamber or primitive 
rentricle. At the same time, a sigmoid bend takes place im the 
tube, which becomes doubled on itself, so ns to throw the primitive 
auricle on the dorsal surface of the primitive ventricle, ‘This con- 
dition of the heart in the human embryo ix found at about the 
third weck of development, and it represents the permanent condi 
tion of the organ in fish, A fow cases have bees reconted in whieh 
the development of the human heart had not passed beyond this 
stage, and the child was born with only asingle auricle and a single 
ventricle, 

Changes then begin to take place in the interior of the three 
chambers into which the tube has become divided, which resalt in 
the conversion of the single auricle into two auricles, of the single 
ventricle into two ventricles, and of the truancus communis arteriowas 
into the ascending aorta, and the trunk of the artery. 

The conversion of tho primitive ventricle into two ventticles ix 
due to the formation of a muscular septum in the ventricular 
chamber. It appears at about the sixth week in the human heart, 
and grows from the apex to the bate of the ventricle. ‘The apex of 
the ventricle then becomes the apex of the heart, and @ groove, an 
the anterior and posterior surfaces of the ventricular part of the 
heart, marks the position of the two borders of the septum. ‘The 
base of the septum, and the bases of the ventricles, aro directed to 
the auricles and the orifices of the great arteries. The septum fa 
complete about the eighth week, and the two ventricles then form 
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anterior boundary of the foramen ovale. It directs the bleed of the 
inferior cava through this foramen into the left auricle. 

‘The auriculo-ventricular valve arises around the sperture of com~ 
munication between the auricle and ventricle as a semilunar fold 
of the endocardium. These folds then become connected with the 
muscular trabeculw of the ventricular walls, which differentiate 
into the musculi papillares, whilst the chord» tendinew are pro 
daced by the depending border of the valve assuming a fenestrated 


appearance. 

The conversion of tho truncua communis arteriorus into the 
ascending aorta, and the trunk of the pulmonary artery, is dee to 
the formation of « longitudinal septum in the single arterial trank. 
‘This septum begins to form about the same time as the wentri- 
cular septum, and consists of two folds projecting one from each 
side of the inner surface of the common arterial trunk. These 
folds meet about the eighth week, and the vessel is then divided 
Hie he ton ft plicaehy te fna o 


»s; and in connection with this circumstance it may be 
cases of malformation of the human heart 

hich the aorta and palmonary artery directly 

oe each other, through « deficient formation of this 


arches also elongate, and in their concavity four additional pairs of 
vascular arckes form, successively from before backwards, and are 
named the 2nd, nd, 4th, and 5th pairsof vasculararcbes All five 
pairs, howover, are not present at the same time, for before the Sth 
pair appear, about the fourth or fifth week in the developenout of 
the human embryo, the 1st and often the 2nd pair have disappeared, 
‘The first pair of vascular arches are aa fur forward as the Ist visceral 
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tutes what is called a left aorta. The 4th rightarch also increases 
im size, though not to the samo extent as the left, and forms the 
innominate artery, and the first and second parts of the right sub- 
clavian artery of human anatomy ; whilst the third part of this 
artery, with the axillary, soems to be a lateral twig, from the dorsal 
nortic root, that connects the 4th and 5th vascolar arches, 
‘The left mbclavian again is apparently in its whole extent 
lateral branch of the dorsal sortic root, connecting the 4th and Sth 
vascular arches, The common carotid artery is formed by a great 


Fig. 159.—Diagram of the Vascular Arches, t iffaxtrate their esaversien into 
erica after athke) 1 te 6 the vs pars of vascular arches: 
‘00, th 


[hs 


internal 

5 the part of truncas 

the ascending aortas & Wangverse part of 
left and atclarian arvereg: 


Hi 
sa 


t 


arteries, and 
genes soreaies ied line inthe figure. The ahaded | 
Dermpancot veasla whist vhoo left in outline, atrophy, ee 


produced by @ great increase im the size of the 3ni vasealar arch, 
and of the dorsal aortic root between the Srdand 2nd, and 2nd anit 


the ascending aorta is one of the two vessels into which the traneus 
communis is divided. 
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‘arrangement of the great arteries, examples of which are occasions 
ally seen in the human subject. It would be ont of place in 
this elementary work to enter further into this matter, but T may 
refer for more complete information to my memoir on this subject 
in the British and Foreign Madico-Chiruegical Review, 1862. 

‘The Veins that first appear in the development of the human 
embryo are the omphalo-mesenteric veing, which arise inthe vascu- 
lar area situated in the wall of the umbilical vesicle. These veins 
unite into a single trunk which opens into the primitive auriole. 
As the allantois grows out from the pelvic region of the body of the 
embryo to reach the chorion, and assist in the formation of the 
fortal placenta, two umbilical veins appear in its wall in obeat the 
fourth week of utero-gestation. In the fifth week one of these 
veins has disappeared, aud the remaining one enlarges and forms 
‘the umbilical vein, which conveys the blood from the placenta to 
the embryo throughout the rest of footal life. It Joins at its proximal 
end the omphalo-mesenteric vein, As the umbilical vein Mex in 
one part of its course in the region occupied by the liver, it becomes 
connected with the veins of the liver. ‘The veins developed in 
connection with the spleen and abdominal portion of the alimen- 
tary canal are the splenic, gastric, and mesenteric veina, which, by 
their union, form the portal vein, and the portal is in direct com 
munication with the umbilical vein, Veins develope im the radi- 
mentary lower limbs, and in the pelvis, which become the femoral, 
external ilinc, and common iliac veins, whilst the internal iliac are 
bolicved to be the lower ends of the two cantizal vein ‘The two 
common iliac veins join to form the inferior vena cava, which, aa 
it ascends to the liver, receives the renal, capsular, and 
veins, and veins from the parietes of the abdomen. In the region 
of the liver it is connected to the umbilical vein by the ductur 
venosus, and it receives the hepatic veins. It opens into the auricle 
of the heart. 

‘Two cardinal veins are developed in the thoracico-abdominal 
cavity, which return the blood from the Wolffian bedics andthe 
walls of the trank ; and two primitive jupwlar veins are developed 
{n the head and neck, which return the blood freen these 
‘The primitive jugular and cardinal vein on each side joln is the 
corvico-thoracic region to form s vein called the duct of Oweter, atl 
the two ducts of Cuvior open into the auricle ef the heart. The 
upper part of the primitive jugular subsequently becomes the exter- 
nal jugular vein, At ite lower end the primitive jugular on ea 
side is joined by veins, which become the internal jegular and auib- 








584 ANATOMY. 


pletely disappears, the nerve then tarns around the first part of the 
subclavian, which represents the 4th right arch. As the fifth left 
arch, however, persists throughout life as the obliterated dactas 
arteriosus, the left recurrent nerve bends immediately below it be 
fore it ascends behind the transverse part of the arch of the aorta. 

‘Owing to the progressive changes which take place in the heart 
during its formation, the circulation of the blood Semis is 
necessarily much modified in the course of its 
the heart is in its primitive stage of single cavities, the Theol al flows 
from the veins successively into the wuricle, ventricle, and treneus 
communis artericaus, as a single stream. Bat when the veutricle 
is divided into two chambers, cach communicating with a distinet 
artery, derived from the division of the traneus commanis, then the 
dlood is divided in these parts of the heart and great vessels into 
two streams, As the division of the anricle into two chambers 
takes place at « later period than that of the ventriele, the sabdivi- 
sion of the blood into two streams dogs not take place so early in 
that cavity, In the later stages of intra-uterine life, when the left 
duct of Cuvier has atrophied, the superior and inferior rene care 
have attained their proportional size, and the auricular septam tes 
become developed, thongh with the foramen ovalo patent, the cir 
culation of the blood through the heart fs as follows -— 

‘The blood of the inferior cava, which consists not enly of the im- 
pore venous blood from the infra-disphragmatio parts of the body, 
‘dut of the blood of the umbilical vein from the placanta, flows into 
the right auricle, but is at once directed by the Eustachian valve 
through the foramen ovale into the left auricle. It then flows into 
the left ventricle and the ascending and transverse parts of the 
aorta, from which it principally procoeds through the carotid and 
subclavian arteries into the head, neck, and upper limbs, ouly = 
amall proportion apparently passing into the descending sorta, 

The blood of the superior cava again is solely venous, whieh 
returned by this great vein from the head, neck, upper limbs, and 
walls of the chest. It flows into the right suricle, where it may 
acquire a slight admixture with tho blood of the inferior cava. By 
this auricle it is propelled into the right ventricle, and thenee inte 
the pulmonary artery. Only a small part of this venous blood 
passes into the right and Jeft pulmonary artaries ; the greater part 
flows through the dactus arteriosus into the descending aorta, by 
which it is distributed, not only to the infra-disy 
of the body, but by the hypo-gastrie and umbilical arteries to the 
placenta. In the foxtus, therefore, the blood which cirenlates 
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Cartilages of the Laryns. 
‘The cartilages of the larynx are nine in nnmber, and 
form its framework, They consist of three single cartilages, 
the thyroid, the cricoid, 
and the epiglottis ; and 
of three pairs of car 
tilages, the two ary- 
tenoid, the two corni- 
cula Jaryngis, and the 
two cuneiform carti- 
Tages. 

The Tuyrorm, or 
shieldlike cartilage, is 
the largest of the car 
tilages of the larynx 
It is situated anteriorly, 
and laterally, and con- 
sists of two quadri- 
Jateral plates or ala, 
which mre united to- 
gether by their anterior 
borders, where they 
form, especially in the 
neck of a man,a project 
ing angle, or prominence 
in the middle line of the 
front of the neck, fami- 

Pa i 
Eryeenold cartiage: pom surteco crorigin arly known ss Adam's 
of posterior crieo-arytenold muscle. apple, the pomam Adami 
(fiz. 168)’ From this border of union the plates project 
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The Aryrenor, or pyramidal cartilages, two in 
number, are placed on the posterior part of the upper 
border of the cricoid cartilage. Each is a three-sided 
pyramid, about half an inch in height, and @ quarter of an 
inch in width, The base articulates with the cricoid, and 
two of its angles are prolonged into wellanarked pro 
cesses: the external or muscular process ia directed back- 
wards and outwards, and gives attachment to the tendons 
of insertion of the lateral and posterior crico-arytenoid 
muscles ; the anterior or vocal process is directed forwards, 
and gives attachment to the true vocal cord. The apex 
of the cartilage is directed upwards, and articulates with 
the comiculum laryngis. The posterior surface is concave, 
and gives attachment to the arytenoid muscle: the inner 
surface is emooth, and covered by the mucous membrane ; 
the anterior surface gives attachment to the superior or 
false vocal cord, and to the thyro-arytenoid muscle. The 
base of the arytenoid cartilage is connected to the ericoid 
by a capsular ligamend, lined bya synovial membrane, and 
a band of fibres extending from the back of the arytenoid 
to the back of the cricoid has been named the posterior 
crico-arytencid ligament. The false eocal cords, or superior 
thyro-arytenoid ligaments, pass from the anterior surface 
of each arytenoid cartilage to the retreating angle of the 
thyroid; and the trxe weal cords, or inferior thyroary 
tenoid ligaments, pass from the anterior vocal process of the 
arytenoid to the retreating angle of the thyroid cartilage 
(fig. 162), 

The Conxicuta Lanynois, or Cartilages of Santorini, 
are two small nodules articulated to"the apices of the ary- 
tenoid cartilages, the connection being effected by a exp- 
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mambrane, which prosents a convex contour on the surface 
next the mesial plane of the lurynx, whilst the opposite 
surface bounds the laryngeal pouch. ‘Tho inferior pair, oF 
true weal cords, have a sharp atraight border superiorly, 


Fra. 162—View of the interior of the Laryns, obtained ty veshing « mesial vex 
ew) tnelslon thirongh rh Natta 6 8 ewan 


Aryleneld cariilagest C1 Cl cornicule Inryngiey a 4, n¢, aryleno-epigiee Gea 
felds of mucous membrane: C. ericoll cartilage : 7 fuse weea) unk Ve Wea 
tricia of larynx: f, [rue vocal cord; a,c, anterior’ or yooal processes of mry= 
enold cartilages : #4, external ar menctlar processrs, 


whilst their inner surfaces are flattened. They consist of 
fibres extending from the retreating angle of the thyroid 
to theanterior vocal process of the arytenoid cartilage, and 
cach is so blended with the lateral portion of the crloo- 
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cartilage upwards and backwards, but owing to the attach- 
ment of some fibres to the vocal cord, local tension may 
be given to certain parts of it. The fibres attached to 
the anterior surface of the arytencid cartilage may roll 
it inwards so as to bring tho two cords together, and 
narrow the rima glottidis. 

‘The width of the rima glottidis is altered by the move- 
ments of the arytenoid cartilages, which rotate about a 
vertical axis passing through the crico-arytenoid joints, 
The cartilages are rotated outwards, the vocal processes 
and vocal cords are separated from each other, and the 
tima glottidis is widened by the pair of 

Posterior crico-arytenoid muscles, which arise from the 
depressed surfaces on the back of the ericoid cartilage 
(fig. 161), and pass upwards and outwards to be inserted 
into the external or muscular process at the base of each 
arytenoid cartilage.* 

‘The arytenoid cartilages are rotated inwards, the vocal 
cords are approximated, and the vocal part of the rima 
glottidis is narrowed by the pair of 

Lateral crico-arytenoid muscles, whieh, being under 
cover of the sides of the thyroid cartilage, arise from the 
upper border of the side of the cricoid, pass backwards 
and upwards to be inserted into the external or muscular 
process at the base of each arytenoid cartilage. 

The arytenoid cartilages are drawn together, and the 
width of the respiratory part of the rima glottidis is 
narrowed, by the single 


© Merkel described a small Keratoericotd muscle xs occasionally ex- 
tending, bat on one side only, from the lower part of the back of the erie 
colt cartilage to the inferior cornu of the thyroid. I found it to be 
sont 7 times in 32 audjects, and to be occasionally purerent oe both, 











CHAPTER IX. 
RESPIRATORY SYSTEM. 


‘Tue Respiratory System is composed of organs, which are 
engaged in the interchange of gases between the blood and 
the atmospheric air. Through their instrumentality, the 
blood acquires oxygen from the air, imparts to it carbonic 
acid and watery vapour, and becomes changed from impure 
venous into pure arterial blood. In man and the higher 
vertebrates the interchange of gases is effected through 
the medium of a long branching tube, called the Windpipe, 
and of two vascular spongy organs, the Lungs. But as 
the windpipe has no direct communication with the ex- 
terior of the body, and opens superiorly into the pharynx, 
the atmospheric air has to pass, through either the nose or 
mouth into the pharynx, before it can enter the windpipe. 
‘Tho nose is the proper paszage for its transmission, and 
constitutes therefore a part of the respiratory apparatus, 
As the nose is also an organ of senso, its anatomy has been 
described under that head (p. 322 

The process of respiration consists of two acts, with 
intermediate pausea—breathing in and breathing out, 
Breathing in, or Inspiration, consists in drawing air into 








606 ANATOMY. 


12 pairs of ribs, and the sternum. The dorsal vertebra 
are situated in the middle of its posterior wall. Their 
bodies are united together by the intervertebral dises, and 
anterior and posterior common ligaments ; their articular 
processes by eapsular ligaments; their laminw by the 
ligamenta subflava ; and their spines by the sapra and 
inter spinous ligaments. The sternum is situated in the 
middle of the anterior wall of the chest, It consists of three 
pieces, which ultimately fuse together into a single bone. 
‘Tho twelve ribs on each side are articulated behind to the 
dorsal vertebre, They project at first backwards, down- 
wards, and outwards ; they then arch downwards, forwards, 
and inwards, and are continuous at their anterior ends with 
the costal cartilages. ‘The first costal cartilage prolongs 
the first rib downwards and inwards to the aide of the 
manubrium sterni. The second continues the second rib 
horizontally inwards to the side of the joint between the 
manubrium and body of the sternum. The cartilages of 
the third rib to the tenth inclusive slope upwards and 
inwards, and become gradually more vertical in their 
direction, a8 one passes downwards in the serie The 
cartilaginous termination of the seven upper ribs, on each 
side articulate with the side of the sternum. The ecartila~ 
ginovs terminations of the eighth, ninth, and tenth ribs 
do not reach the side of the stormum ; bat as they are 
jointed together, and as the eighth cartilage is jointed with 
the seventh, the seventh to the sixth, and the sixth to the 
fifth, they are indirectly connected to that bone, and the 
movements of the ribs, of which they are the terminations, 
can thus influence the movements of the sternum. The 
cartilaginous terminations of the eleventh and twelfth ribs 
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rogion, and it is divided into an upper sternal and atlower 
sternal by a line drawn across the front of the bone on a 
level with the upper border of the third pair of costal car 
tilages, The fossa immediately above the manubrium sterni 
is the epi- or supra-sternal fossa. The region‘corresponding 
to the inner half of the clavicle is the claviewlar region : 
that which lies immediately above it is the supraclavicular 
region, and that which extends downwards from the clavicle 
to the lower border of the third rib is the infraclaricular 
region. The region which extends from the lowor bordor 
of the third rib to the lower border of the sixth rib is the 
mammary region, and that which extends’downwards from 
the lower border of the sixth rib to the inferior limit of 
the thoracic wall is the infra-mammary. The clavicalar, 
infra-clavicular, mammary and infra-mammary regions 
are bounded internally by « line corresponding to the 
outer border of the sternum, and externally by a line 
drawn vertically downwards from the middle of the clavicle 
to the inferior limit of the thoracic wall. In the mammary 
region are situated the mammary gland and cipple In 
women the mamma occupies almost the whole of the 
mammary region, and the nipple usually lies superficial to 
the fifth rib, and about 4} inches from the middle line of the 
sternum, In men the mamma fs a rudimentary organ, and 
the position of the nipple is more variable, Luachka found 
in 60 mon examined, that it was placed 44 times between 
the fourth and fifth ribs, 6 times on the fifth rib, 8 times 
on the fourth rib, and twice between the fifth and sixth 
ribs ; whilst Graber found it in 95 males, 43 times on the 
fifth rib, 31 times on the fourth intercostal space, 12 times 
on the fourth rib, and 9 times on the fifth intercostal 
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THE MEDIASTINUM. 623 


F:0, 169 —View of the Sterno-vertebral region of the chest, or the Mediastinum 
‘Thoracis, 8, sternum ; D, diaphragm ; CIII to VIL, cervical vertebrae; DI to X, 
dorsal vertebre: am, anterlor mediastinum: pm, posterior mediastinum; sm, 
superior mediastinum, ‘The middle mediastinum is occupled by the pericar- 
iam, pr, and by the heart, of which the following parts are shown; ra, right 
anricle; re, right ventricle; Za, left auricle; 2, superior vena cava; tc, inferior 
vena cava; a, ascending sorta; af, innominate artery; pa right branch of 
palmonary artery. Inthe posterior mediastinum are shown da, descend- 
ing thoracle sorta; ea, vena asygos; fd, thoracle duct; @, esophagus. 
trachea; €4, left innominate vein ; sf, sterno-hyold and sterno-thyold muscles 
p, pharynx; ¢, thyrold cartilage; 6 cricold; 4 eplglottls; Abyotd bone; 4 
isthmus of thyroid body ; J, liver. 
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is the posterior mediastinum. Tt vontains the descending 
thoracic aorta, the cesophagus, and nervi vagi, the vena 
azygos, thomecic duct with lymphatic glands, and the 
splanchnic nerves, As the pericardium does not extend 
so high as the level of the top of the sternum, the inter- 
pleural space between the manubrium sterni and the higher 
dorsal vertebree lies above the pericardium, and J_ Struthers 
has suggested that the name superior mediastinum should 
be given toit. It contains the two innominate veins, the 
innominate, left common carotid, and left subclavian 
arteries, the upper thoracic portion of the phrenic, pneumo- 
gastric and cardiac nerves, a part of the left recurrent 
laryngeal nerve, the trachea, and the upper thoracic part 
of the cesophagus and thoracie duct. 

The pleura, like other serous membranes, possesses two 
surfaces, an attached surface and a free surface. By ite 
attached surface the pleura is connected by areolar tissue to 
the ribs, intercostal muscles, diaphragm, pericardium, and 
Jung. The free surface of the parietal pleura is smooth, 
and in apposition with the corresponding free surface of 
the pulmonic pleura. These two free surfaces glide on 
each other as the lungs and thoracic walls rise and fail 
during inspiration and expiration ; and, as the surfaces are 
lubricated by a little serous fluid, the movement is faci- 
litated. This fluid occupies a scarcely appreciable interval 
between the free surfaces of the parietal and visceral 
pleurm, which interval forms the so-called plewral cavity. 
The pleural cavity becomes distinct when any cause 
operates to push the lung from the wall of the chest; such 
as the introduction of air into the pleural cavity, either 
through an external wound, or from rupture of the lung; 








ANATOMY. 


THE LUNGS, 


The Lungs are twoin number and are situated one in 
each cavity of the thorax, Each lung is usually described 


atterien 
ws having a conical form 
an outer surface, an inner surface, an anterior border, # 
posterior border, and an inferior border. 

The base of the lung is concave, rests on the convex 
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smaller than the /ower lobe, and, from the direction of the 
oblique fissure, lies both above and iu front of it 
The apex and the whole, or the greater part, of the 
anterior border belong to the upper lobe: the greater part 
of the posterior border and of the baso to the lower 
lobe. In the right lung a second fissure, which does not 
exist in the left lung, is also present. It commences at 
the oblique fissure, rans almost horizontally forwards to 
the anterior border of the lung, and separates the lower 
part of the upper lobe as a distinet lobe, called the third or 
middle lobe of the right Tung. The right lung ia still 
further distinguished from the left by being more hol- 
lowed out at its base, owing to the arch formed by the 
right half of the diaphragm being higher than that of the 
left, so that the vertical diameter of the right is not #0 
Jong as that of the left lung, But the transverse diameter 
of the right lung is more than that of the left, for the 
greater projection of the heart and pericardium, to the 
left than to the right of the mesial plane, causes the medi- 
astinal surface of the left lang to be more concave than 
the corresponding surface of the right lung. ‘The anterior 
border of the right lung is much more nearly straight than 
that of the left, in which this border presents a semilunar 
notch below the level of the fourth rib, which corresponds 
to the position of the heart. 

‘The lungs have extensive relations to the walls of the 
chest, and even to structures at the root of the neck. The 
apex of each lung lies in the supra-clavicular and supm- 
scapular regions, and is marked by a alight groove cor: 
responding to the position of the subclavian artery, from 
which it is separated by the cervical prolongation of the 
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expand during inspiration, aud to recoil during expiration ; 
but breathing having once begun, the air-vesicles ure nevor 
empty of air, F. E. Schulze states that the septa botween 
those vesiclos, which are next the bronchial tubo, contain 
non-striped muscular tissue, which is absent, however, in 
the proper walls of the alveoli. 

The pulmonary artery entera the lung at its root, aud 


Pia. 174—The onter surface of two of tho Tatundivula in a delale of the ten. B, 
Jobsler browehue) of, wir venieles | A, Pullenoary artery; 4% oa 
Mares V, patmonary vei. 


divides and subdivides, without anastomoses, cren more 
frequently than the bronchus, which it closely accum- 
panies Its finer branches pass to the lobules, along 
with the lobular broachi, and within the lobules end in 
the pulmonary capillary pleewe, This plexus is dis 
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tributed in the fibro-elastic membranous wall of the sir- 
vesicles, passes into the intermediate septa, and forms 
aring-liko arrangement around the months of the air 
cells. Its constituent capillarics are very fine, und form 
an extremely close polygonal meshwork, so that the 
lung is one of the most vascular of all the organs, The 
capillaries lic immediately beneath the lining epithelium 
of the air-vesicles, and are separated by it alone from the 
air in the air-cells, the anatomical arrangement being auch 
as to facilitate the interchange of gases between the sir 
and the blood; by which the impure venous blood of the 
pulmonary artery is converted into pure arterial blood, in 
which state it flows into the pulmonary veins back to the 
left side of the heart. 

‘Tho pulmonary veins arise in great part by small rootlets 
from the pulmonary capillary plexus, The rootlets from adja- 
cent pulmonary infundibula, and lobules unite to form larger 
veins, which accompany the pulmonary artery and leave 
the lung at the root as two large venous trunks, To some 
extent also the rootlets of the pulmonary veins arise from 
a capillary plexus in the walls of the finer bronchi derived 
from the bronchial artery, The most superficial twigs of 
the pulmonary veins, which arise from the capillary 
plexus on the air-vesicles near the surface of the lang, 
ramify for some distance in the sub-serous connective tissue, 
when they either join the pulmonary vein at the root of the 
lung, or sink into its substance to open into some of the 
more deeply placed pulmonary veins. 

‘The bronchial or nutrient artery of the lung arises either 
from the thoracic aorta, or from an intercostal artery, and 
enters the lung along with the bronchial tube. It is in 
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superficial, or sub-pleural lymphatics, form s network be 
neath the pleural membrane, and communicate,as Klein has 
shown, with the pleural cavity through microscopic stomata 
between the endothelial cella, The deep lymphatics arise, 
according to Klein, in two localities. First, from the walls 
of the air-cells by means of irregular lacunw and anasto- 
mosing canals, which give origin to lymphatic vessels, that 
accompany the pulmonary artery and vein, and have been 
called perivascular lymphatics. Second, from the walls of 
the bronchi by irregular Jacuns and anastomosing canals, 
situated both in the mucosa and tunica adventitia of the 
air-tube; they give origin to lymphatic vessels, and form 
a network in the adventitia of the bronchi, which Klein 
has named the peribronchial lymphatics. The superficial 
and deep lymphatics enter the bronchial glands at the root 
of the lung, 

‘Tho nerves of the Iung are derived from the pueumo- 
gastric and sympathetic branches, from which form at 
the root of the lang the anterior and posterior pulmonic 
plexuses, from which fine nerves pass into the substance of 
the organ with the bronchus, and branch and are distributed 
along with it, Remnak and Julius Arnold have both de- 
scribed minute ganglia on the course of these nerves; and 
W. Stirling has recently shown that microscopic ganglia 
are situated on the finer branches of the nerves which lie 
in the walls of the bronchial tubes, 





CHAPTER X. 


ORGANS OF DIGESTION. 


THE Organs of Digestion, Digestive Apparatus or Chylo- 
poietic Viscera, are situated in the axial part of the body. 
They are for the purpose of receiving the food, or aliment, 
of converting that portion uf the food, which is digestible, 
into chyle, so that it may be absorbed and applied to the 
nourishment of the body ; and of transmitting that which 
is indigestible onwards to be excreted. The digestive 
organs consist of an elongated tube, the Alimentary Canal ; 
of numerous Glands, which pour their secretions into the 
alimentary canal; and of a hard masticatory apparatus, 
the Teeth. 


ALIMENTARY CANAL, 


, 

The Alimentary Canal is a tube about 28 feet long, 
which traverses almost the entire length of the axial part 
of the body. In man and all other vertebrates, it lies in 
relation to the ventral surface of the bodies of the verte- 
bre. It commences on the face at the orifice of the 
mouth, and terminates on the surface of the lower part of 
the trunk at the orifice of the anus, It is divided into 
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@ series of segments, or compartments, which communi- 
cate with each other, from above downwards, in the longi- 
tudinal axis of the cunal. These compartments are 
named mouth, pharynx, ossophagus, stomach, emall intes- 
tine (subdivided into duodenum, jejunum, and ileum), 
and large intestine (subdivided into coecum, colon, and 
rectum). The canal is lined by a mucous membrane, 
called the alimentary mucous membrane, which is continu- 
ous with the nasal mucous membrane, with the respiratory 
mucous membrane, and at the anal and oral orifices with 
the integument. Outside this mucous membrane is the 
submucous coat, and external to it is the muscular wall of 
the canal By the contraction of the muscular wall the 
food is propelled along the canal from above downwards. 
Opening on the surface of the mucous membrane are the 
orifices of the ducts of numerous glands, the secretions of 
which mingling with the food, act chemically on it, so as 
to render it soluble and capable of being absorbed. 


ANATOMY. 


THE MOUTH. 


‘The Mouth, Oral cavity, or Buccal cavity, is the dilated 
commencement of the alimentary canal, in which the food 
is masticated and mingled with the secretion of the 
salivary and mucous glands, Tt is situated in the face, 
and extends from the lips in front, to the pharynx behind. 
Itis bounded above by the hard and soft palate, with the 
uvula; below by the lower jaw, the mucous membrane of 
the floor of the mouth, and the tongue; on each side by 
the check ; and in front by the lips, between which is 
the aperture of communication with the surface of the 
face, Behind it freely communicates with the pharynx 
through the isthmus faucium, posterior buccal, or pharyngo- 
oral orifice. 

The muscles which enter into the formation of the 
walls of the mouth are situated in the lips, cheeks, floor 
of the mouth, tongue, and soft palate, 

The muscles of the Lips are as follows :— 

Orbvicularis, or Sphincter oris, surrounds the orifice of 
the mouth, and forms a large part of the muscular sub- 
stance of the lips. The fasciculi form a series of ellipses, 
of which those next the margins of the lips are finer and 
paler than those that lie further from the margina ‘The 
fasciculi in the upper lip are prolonged into those in the 
Jower round the corners of the mouth. The outer border 
of the muscle blends with the other muscles of the lips < 
in the upper lip this border is attached by a slip to the 
septal cartilage of the nose, and by two other slips to the 
incisive fossw in the upper jaw; in the lower lip it is 
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men, ascends to the lower lip, and blends with the orti- 
ealaris oris. From its four-sided form it is sometimes 
called the quadratus menté muscle, 

Depressor anguli oris has a broad origin from the 
external oblique line of the lower jaw; it ascends to the 
angle of the mouth, where it blends by a narrow insertion 
with the other muscles which pass there. From its form 
it is sometimes called ¢riangularis oris, 

Levator menti, or levator labii inferioris, arises from 
the incisor fossa of the lower jaw : its fibres radiate down- 
wards and forwards to end in the skin of the chin. 

The muscle of the Cheek is the Buccinator, a flat four- 
sided muscle, which arises by its upper and lower borders 
from the outer surface of the upper and lower jaws, a 
short distance from the alveolar edge, and by its posterior 
border, from the pterygo-maxillary ligament. From these 
lines of origin the fibres pass forwards to the anterior 
border which blends at the angle of the mouth with the 
other muscles in that region: to some extent the fibres 
of the upper part of the muscle go into the lower lip, 
those of the lower part into the upper lip. The pterggo- 
macillary ligament is a slender fibrous band which 
stretches from the internal pterygoid plate of the sphenoid 
to the back of the mylo-hyoid ridge of the lower jaw: as 
the buccinator arises from it in front and the superior 
constrictor of the pharynx behind, it forms the bond of 
union between the muscles of the pharynx and check, and 
ensures the continuity of the walls of these divisions of 
the alimentary canal. 

‘The muscles of the Floor of the Mouth are the pair of 
Afylohyoid muscles, which are situated immediately 
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muscle of the pharynx, They lic ina plane a little above 
the angles of the lower jaw. Their normal size is not 
bigger than a hazel nut, but they are very apt to enlarge, 
grow inwards across the posterior aperture of the mouth, 
and diminish the size of that opening. The free surface 
is marked by several round- 

ed holes, which lead into 

shallow pits or crypts, 

which may be either simple 

or branched, in the sub- 

stance of the tonsil The 

pita are lined by the epi- 

thelial covering of the 

mucous membrane, into 

Werkaly Which minute papillae pro- 

” - ject. In the sub-epithetial 

sul ert ekaginesydiey blood convective tissue of the 
‘vols, Slightly magnified, walls of ti oryple sane 
rous follicles of lymphoid tisaue are situated, and lymph 
cells are infiltrated in great numbers in the connective 
tissue between the follicles. Interspersed amidst the crypts 
are small racemose mucous glands. The tonsils are very 
vascular, and receive their arteries from the descending 
palatine branch of the internal maxillary, the ascending 
pharyngeal of the external carotid, the dorsalis lingue of the 
lingual, and the tonsillar and ascending palatine branches 
of the facial Capillary blood-vessels are distributed in 
connection with the papille, the lymphoid tissue, and the 
racemose glands. The tonaillar veiua form a plexus in 
relation to the attached surface of the tonsil. Lymph- 
vessels are found in the tonsils; they form networks 
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have described a cluster of glands at the tip of the tongue, 
between the genio-hyo-glossus, stylo-glossus and lingualis, 
opening by four or five ducts on the under suriace of 
the tip. 

Structwre.—The dueta of these mucous glands consist of 
a delicate membrane lined by a single layer of columnar 
epithelial cells, The terminal branches of the ducts, 
which enter the lobules, end in series of saccular dilata~ 
tions, the acini, alveoli, or gland vesicles, which contain 
rounded or polygonal secreting cella, A collection of such 
vesicles forms a lobule. The lobules are bound together 
by intermediate connective tissue, in which the blood- 
vessels divide into a capillary network, that ramifies on 
the outer surface of the delicate membrane forming the 
wall of the gland vesicles. 

The Sautvary GLaNns ov Tu Mourn are the parotid, 
submaxillary, and sublingual glands 

The Parotid gland is the largest salivary gland, and oc 
‘cupies the parotid hollow between the ascending ramus of 
the lower jaw, the mastoid process of the temporal bone, 
the external auditory meatus, and the zygoma Its 
anterior border overlaps the masseter muscle, and the 
exeretory duct emerges out of this border, A prolonga- 
tion of gland substance, the sccia parcidis, frequently 
accompanies the duct for a short distance. By its deep 
surface the gland passes as far as the styloid process, the 
parotid fossa in the temporal bone, the digastric muscle, 
internal carotid artery, and internal jugular vein. The 
glaud is enclosed in a capsule formed of the cervical fascia, 
Passing into the gland is the external carotid artery, whieh 
gives off in it the occipital, posterior auricular, temporal and 
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where it joins its fellow of the opposite side. Its lower 
fibres are in relation to the upper fibres of the wsophagus. 

Middle constrictor, or kyo-pharyngeus mnvacle, arises from 
the great and small cornua of the hyoid bone and from 
the stylo-hyoid ligament; its fibres radiate in a fanshaped 
manner, and curve backwards to be inserted into the middle 
Tine of the posterior surface of the pharynx, where it joins 
its fellow. 

Superior constrictor, or gnatho-pharyngens muscle, arises 
from the side of the tongue and adjacent buccal mucous 
membrane, from the back of the mylo-hyoid ridge of the 
lower jaw, from the pterygo-masillary ligament, and the 
lower third of the posterior border of the internal pterygoid 
plate of the sphenoid; its fibres curve backwards to be 
inserted into the middle line of the posterior surface of the 
pharynx, where it joins its fellow; but the highest fibres 
are inserted into the pharyngeal tubercle on the under 
surface of the basi-occipital. The upper bordet forms a 
concave curve from the origin to the insertion, and the 
fibrous tunica pharyngis interna fills up the interval between 
it and the basis-cranii, 

Stylopharyngeus muscle arises from the root of the 
styloid process; its fibres run obliquely downwards and 
inwards, betwoen the superior and middle constrictors, to 
be inserted partly into the posterior border of the thy- 
roid cartilage, and partly to blend with the adjacent 
part of the muscalar wall of the pharynx. 

Palato-pharyngews nuscle arises in the soft palate, 
where it decussates across the mesial plane with the 
corresponding muscle of the opposite side: its fibres pass 
downwards in the posterior pillar of the fauces, and spread 
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layers. Small racemose glands, similar to the mucous 
glands of the mouth, or to Brunner’s glands, lie beneath 
the mucous membrane, which ix pierced by their ducts to 
open on the surface (fig. 180): they are most numerous 


é = 


Fro, 180.—Vertical section through the mincons memtane of the Pearyax to 
show the racemons glands. ¢ the epithellam: & sahjecent connective Fiswee 5 


 recemces deduct; a, artery ending ia a capillary plexus an the 
gland vesicl 0. 


in the nasal part of the pharynx. Colleetions of lymphoid 
tissue are found in the subepithelial connective tissue, 
more especially in the nasal part of the pharynx, where 
it forms a mass, extending across the posterior and upper 
wall, between the openings of the two Eustachian tubes, 
which Luschka has called the pharyrgeal fousil A net 
work of lymphatic vessels exists both in the submucous 
cont, where it lies in relation to the lymphoid tissue, and 
between the tunica pharyngis externa and muscular coat ; 
lymphatic glands are in connection with the latter part 
of the network, The arteries of the pharynx are derived 
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palate are arranged in two groups, those which elevate 
and make it tense, and those which constrict the fauces. 
‘The tensors and clevators are as follows :— 
Levator palaté arises from the front of the under surface 


Fos. 181.—Interlor of the Pharynx exposed by cutti 
‘The mneous membrane Dae been rernered, end tbe erences 
are ox} 


show, th Ethe tonsil and? ne Wo: ghoaeas 5 The 
of the petrona temporal, and from the membrano-cartilaginous 


wall of the Eustachian tube: it passes through the wall of 
the pharynx above the upper concave border of the superior 
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AspommaL Cavity axp Peerroneum. 

As the remaining portions of the Alimentary Canal 
are situated in the Abdominal Cavity, it will be advisable, 
before describing their anatomy, to give an account of the 
form and boundaries of that cavity, of its division into 
regions, and of the general arrangement of the peritoneum, 
which constitutes its lining mombrane. 

The AnpommnaL Cavity, Anpomen, or Bexiy, is the 
largest of the three great cavities of the body. It occupies 
about the lower two-thirds of the trunk, and extends from 
the diaphragm above to the pelvic floor below. As its walls, 
except in the pelvic region, are chiefly formed of muscles 
and of fibrous membrane, they are much more distensible 
than those of the thorax, and permit considerable modifi- 
cations in the size of the viscera, contained within the 
cavity, to occur. 

‘The abdomen is elongated in form: its vertical diameter 
is greater than either the transverse or the antero-posterior 

. The superior boundary is formed by the con- 

of the diaphragm, and by the seven lower pairs 

} enstal cartilages: in this boundary oecur the 

opening through which the esophagus passes into the 
abdomen ; also the apertures for the transmission of the 
great blood-vessels, the nerves and the thoracic duct, The 
inferior boundary is formed by the levatores ani and 
coceygei muscles, and the pelvic fascia: in relation to this 
boundary are the termination of the rectum and anal ori 
fice, the termination of the urethra, and in the female that 
of the vagina also, The anterior boundary is formed 
above by the muscles of the anterior abdominal wall and 
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Fio, 182.—Diagram of Peritoneum as displayed in a vertical section through the 
abdominal cavity and viscera of a female aubject. A, liver; B, stomach ; C, 
transverse colon; D, pancreas; E, duodenum; F, ileum; @, rectum; H, 
uuterua; K, cervix uteri; L, posterior Iip of os uteri; M, os uter!; N, vagina; 
©, bladder; P, urethra; Q, clitoris; R, diaphragm; 1, small omentum; 
3, great omertum; 3 transverse meso-colon; 4, mesentery; 5 points to 
foramen of Winslow ; 6 6, lesser cavity of peritoneum ; 6’ 6°6',qreater cavity of 
peritoneum ; 7, recto-vaginal pouch; 8 utero-vesical pouch: 9, parietal layer 
of peritoneum. 
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backwards and downwards, is in relation with the 
diaphragm, pancreas, transverse part of the duodenum, 


Fro, 164. The Langs and thelr relations to the Diaphragm, Liver, an¢ Stomach. 
Tl, to X, second to tenth rite; DID, disptirage: BL, right. and Li, left 
tung: P ced wepersictal 
hus pylon 
ascending, TC, t 
nipple. Modified from Lusch. 


spleen, left kidney, and supra-renal capsule. The bor- 
ders of the stomach are curved and unequal in size; one 
is convex, about three times as long us the other, and 
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branch at their deeper end: they have been called the 
mucous glands, They are lined by a columnar epithelium, 
the cells of which at the deeper end of the gland are 
mors cubical in form, and have a clouded granular spear. 
ance. The other kind of gland is situated in the remain- 
ing part of the gastric mucous membrane, and consists of 
tubes which divide nsually into four branches ; they have 
been named the peptic glands. The cellular lining of 
these peptic glands closely corre 

sponds with the dimorphous 

arrangement in the human stomach 

already referred to. The two 

forms of cells in the deeper 

branched part of the gland were 

first observed by Killiker in the 

dog, and have since been specially 

studied by Heidenhain, Rollett, and 

Frey. According to the last two 

observers, the axial layer of cells 

is absent in a certain extent of the 

gland tube, below the place 

where the columnar epithelium 

cous ceases, and the cellular Hning 


f, 10 show 


‘ands ¢, consists merely of a continuous 
coluinnar ep 
land mouth 


denhbain states that in a fasting 
dog the glands are shrunken, and the axial cells are 
trunsporent, whilst during digestion the peptic glands are 
swollen ont and the cells are clouded and granular, 
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anastomosing arrangements in the anterior and posterior 
walls of the stomach, The veins of the stomach are root 
Jets of the portal vein. The lymphatics are numerous, 
and form a superficial and a deep set. The superficial 
run along the curvatures. The deep lymphatics arise in 
the gastric mucous membrane, where they form a network 
between the glands: they pierce the submucous and mus- 
cular coats, and join the superficial lymphatics. The 
nerves of the stomach are derived from the epigastric 
plexus of the sympathetic and from the pneumogastric 
nerves. The right vagus ends in the posterior wall of 
the stomach, the left in the anterior wall. Nerve cells 
are met with in relation to the nerves both in the muscular 
and submucous coats. 


INTESTINAL CANAL, 
The Intestinal Canal, Intestine, Gut, or Bowel, is situ- 
ated in the abdominal cavity, and extends from the 
pyloric opening, or gate, of the stomach to the orifice of 
the anus, where it opens on the surface of the body in 
the region of the perineum. In it the chyme becomes 
mingled with the bile, the pancreatic fluid, and the secre- 
tions of the intestinal glands, and is converted into chyle. 
In it also the absorption of the chyle takes place, and the 
insoluble part of the food is passed onwards to be excreted 
in the form of feces. The intestine is the longest divi- 
sion of the alimentary canal, and measures on an average 
about twenty-five feet. It is primarily divided into two 
parts, called small intestine and large intestine; the 
length of the small is about twenty feet, that of the 
largo about five feet, 
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divided into three portions, named duodenum, jejunum, 
and ileum. 

The Dvopexum is the commencement of the emall in- 
testine, and has received its name from its length being 
regarded as about equal to the broadth of twelve fingers, 
Tt forms the shortest and widest of the three subdivisions 
of the small bowel ; it curves, in the form of a horso-shoe, 
from the pylorus to opposite the left side of the body of 
the second lumbar vertebra, where it becomes continuo 
with the jejunum. It is customary to regard it a4 consiat- 
ing of three parts, an ascending, a descending, and a trans 
verse, The ascending part runs from before backward 
slightly upwards and to the right, from the epigastriam 
into the right hypochondrium, where it comes in contact 
with the under surface of the liver and gall bladder, and 
is usually stained green by the bile. The descending part 
passes downwards into the right lumbar region, as far 
as the second or third vertebra, It lies between the 
pancreas and right kidmey, goes behind the tninsverse 
colon and the meso-colon; and the common bile duct, 
running down behind its left border, perforates its wall 
along with the pancreatic duct. 

The transverse part extends into the umbilical region, 
lies behind the stomach and transverse colon, and becomes 
continuous with the jejunum st the line where the small 
intestine is crossed by the superior mesenteric artery, 
The head of the pancreas lies in the concavity of the 
horseshoe curve of the duodenum. 

The duodenum is that part of the small intestine which 
is most fixed in its position, Its ascending part ix com 
nected to the liver by a fold of peritoneum, sometimes 
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be freely moved about in the abdominal cavity, so that they 
are apt to be displaced from their natural position, and, 
when a rupture occurs, to become the most usual contents 
of the hernial sac, The lower end of the ileum passes 
into the right iliac fossa, where it becomes continuous with 
the large intestine, at the junction of the cecum and 
ascending colon, Though the line of demarcation between 
jejunum and ileum is an arbitrary onc, yet the apper end 
of the jejunum may be distinguished from the lower end 
of the ileum by being wider, and having a thicker mmeous 
membrane, in which the folds called walvule conmiventes 
are larger and more numerous, 

‘There is occasionally found projecting from the lower 
third of the ileum a short prolongation of that tube, which 
forms an elongated hollow process, terminating at its free 
end in a cul-de-sac. It is named divertitwlum wet. Tt 
may vary in length from half-an-inch to six or seven 
inches, and usually projects from the convex aspect of the 
circumference of the bowel, On rare occasions it has been 
seen to be attached to the wall of the abdomen in the 
region of the navel by a slender band of fibrous tissue. 
The diverticulum is of interest as representing a per 
sistent condition of the omphalo-mesenteric or vitello- 
intestinal duct, which in the embryo connects the umbilical 
vesicle with the primitive intestine, 


Structure of the Small Intestine. 


«The wall of the small intestine consists in the greater 
part of its extent, of four coats, named from without ims 
wards, serous, muscular, submucous, and mucous costs, 








702 ANATOMY. 


during distension of the gut. The folds are placed trans- 
versely to the long axis of the bowel, and ran around its 
inner wall for one-third or one-half, or two-thirds of its cir- 
cumferenes (fig, 185). ‘They project into the lumen of the 
intestine, and the largest are about one-third of an inch in 
depth. They are first seen about the commencement of 
the descending part of the duodenum, are very numerous 
in the transverse part of the duodenum and upper half of 
jejunum, then decrease in size and numbers, until at the 
lower end of the ileum they have disappeared. Each 
valvula consists of a fold of the mucous membrane with 
its submucous coat. Owing to their presence, the extent 
of the mucous surface is miuch greater than if it were a 
plane-surfaced membrane. 

In its more minute structure the mucous coat may be 
regarded as composed of projecting bodies, a glandular 
layer, and a muscular layer, 

The projecting bodies are the intestinal Filli, which jut 
out into the lumen of the intestine from the free surface 
of the mucous membrane, not only of the valvulm, but of 
the intermediate surface. They are delicate minute pro- 
ceases, varying in length from a fourth to half a Hine, and 
in number amount to several millions. 

They are best examined when the mucous surface is 
placed in water or spirit, when they may be seen with the 
naked eye, or still better, with a pocket lens; when the 
chyle-vessels or blood-vessels are injected, they become 
erected, and stand out more prominently from the surface, 
They vary in form, being filiform, or cylindrical, or 
conical, or club-shaped, or leaf-shaped. They are more 
numerous in the ducdenum and jejunom than in the 
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in some parts f the mucusa these corpuscles, with their 
supporting framework of retifurm tissue, are ewllected into 
distinct mames or follicle, visible to the naked eye, and 
known in descriptive anatomy as the solitary and Peyer's 
glands or follicles. 

The solitary glands are scattered throughout the whole 
length of the intestinal mucous membrane. They are 
about the size of millet seeds, and vary in number and 
distinctness in different individuals, They are globular 
or ovvid in form, and occasion a slight elevation of the 
mucous membrane. One pole of the gland, sometimes 
named the cupola, lies next the free surface of the mucous 
membrane, and is in relation to the columnar epithelium 
covering the mucosa, whilst the opposite pole, or base, 
rests on the submucous cvat. 

Peyer's glands, ot the agminated glands, consist of an 
aggregation of solitary glands or follicles, which are 
crowded together, so ax to form distinct elongated patches, 
which may vary in length from one quarter inch to three 
or four inches. The long axis of each patch corresponds 
to the long axis of the intestine, and the patches are 
placed opposite to the mesenteric attachment of the bowel. 
Villi either may, or may not, be situated on the surface of 
the patch, in the intervals between the individual follicles, 
but Lieberkiihnian glands are always found opening on the 
surface, and frequently forming a ring of orifices around 
each follicle. Peyer's patches are most abundant in the 
lower end of the ileum, but diminish in size and numbers 
in its upper end and in the jejunum, and are absent in 
the duodenum. 

These follicles are lymphoid organs, and are composed of 
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of the vagina. The pair of levator muscles not only 
assist in forming the pelvic floor, but can draw upwards 
the organs which lie in relation to it. 

On the same plane as, and continnous with the pos 
terior border of cach levator ani, is the Coecygeus muscle, 
which arises from the spine of the ischium, and descends 
ag a thin triangular muscle, to be inserted into the side 
of the lower end of the sacrum and the side and front of 
the cuccyx. It acts as an elevator of the coccyx. The 
two pairs of coccygei and levatores ani constitute the peleie 
diaphragm. They and the external sphincter are supplied 
by the fourth and fifth sacral and the eoccygeal nerves. 

The large intestine is arranged in the abdominal cavity 
in the form of an arch, the summit of which is the trans- 
verse colon, whilst the cecum and rectum are the right 
and left piers. Within the concavity of this urch the coils 
of the jajunum and ileum are situated. The large intes- 
tine is not, except in the rectum, a cylindriform tube, but 
is dilated into three parallel and longitudinal rows of 
sacculi, which rows are divided from each other by longi- 
tudinal muscular bands, whilst the sacculi in each row 
are separated externally by intermediate constrictions. Tn 
the rectum the sacculi have disappeared, and the intestine 
assumes a cylindrical form, but at its lower end it dilates 
into a reservoir, in which the feces accumulate prior to 
being excreted. 

At the junction of the large with the small intestine a 
valvular arrangement, termed the ileo-cwcal or ileovolie 
valve, is found. This valve ia due to the peculiar manner 
in which the ileum joins the eascum and colon. If these 
portions of the large intestine be opened into, it will be 
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seen that the orifice of the ileum is not circular, but 
elongated in a direction nearly transverse to the long 
axis of the large intestine. 

‘The opening is bounded by two semi-lunar folds, which 
project into the large bowel. These folds are the two 
segments of the valve; 
one situated above the 
opening is the ieo-colic 
segment, the other, below 
the opening, the ieo- 
ca#cal. The two seg- 
ments become continu- 
ous with each other at 
the ends of the elongated 
opening, and are pro- 
longed for some distance 
around the inner wall of 
the large intestine as two 
prominent ridges, named 
the frana of the valve, 

Each segment consists 
of the mucous and sub- 
mucous coat, and of the 
circular layer of the mus- 
cular coat of the ileum, 
which are, as it were, 
pushed into the canal 
of the large bowel, at 
the place of junction, so as to form the prominent folds 
which have been described. The longitudinal muscular 
layer and the serous coat of the ileum are prolonged 
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occasions the peristaltic movements, and its increased 
thickness in the rectum is for the purpose of expelling the 
feces. 

‘The submucous coat has similar relations and structure 
to the corresponding coat in the small intestine, 

‘The mucows, or internal coat, is not thrown into valvale 
conniventes, but presents a series of well-marked per- 
manent ridges, lying transversely or somewhat obliquely 
to the long axis of the gut, and corresponding internally 
to the constrictions, which, on the outer surface of the 
colon, separate the sacculi from each other (fig. 195). These 
ridges are also found in the rectum, though in diminished 
numbers. Of the rectal folds, three have been especially 
described by Houston—one, the lowest, is sbout 1} inch 
from the anus; another, the highest, is near the sacral 
promontory, whilst the third is somewhere intermediate. 
The transverse folds are formed not only of the mucous 
and submucous coats, but of the circular layer of the 
muscular coat. Near the anal orifice the mucous coat is 
folded longitudinally, and forma the columna reai of 
Morgagni, ‘The mucous membrane of the large intestine 
is covered by a layer of columnar epithelium. Tt is devoid 
of villi, and consists of a glandular and a museular layer. 
The secreting glands of the glandolar layer have the 
form and structure of the Licberkiibnian glands of the 
small intestine (fig. 189, 191); they open on the freo surface 
of the mucous coat, and, owing to the absence of villi, their 
mouths are more closely set together than is the case with 
the corresponding glands in the small intestine; the tuba- 
lar glands are separated by a retiform tissue containing 
lymphoid corpuscles. Solitary glands, similar to thom 
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The Liver is the biggest of the abdominal viscera, and 
tho largest gland in the body. It is the organ in which 
the secretion of bile takes place, and is the chief seat im 
the body of the formation of glycogen, a substance like 
dextrine, which readily undergoes conversion into sugar 
It lies in the costal zone of the abdomen, fills up the greater 
part of the right hypochondrium, and extends, through the 
epigastrium, into the left hypochondrium. In its long or 
transverse diameter it averages about 12 inches, in its 
antero-posterior diameter about 6 inches, in the vertical 
diameter of its thickest part about 3 inches. Rolatively 
to the size of the body the liver is bigger and heavier in 
tho foctus than in the adult; soon after birth the relative 
weight declines, and that of the left lobe diminishes much 
more rapidly than the right lobe. Frerichs states that the 
relative weight of the healthy liver fluctuates in adults 
between ith and Jsth thut of the body, and the absolate 
weight varies from 1:8 to 46 pounds avoird. During 
the digestion of the food the liver increases both in size 
and weight, partly from the greater quantity of blood flow- 
ing through it, and partly from the new material in the 
socreting cells; whilst after a long fast it becomes smaller 
and lighter. 

For descriptive purposes the liver may be regarded as 
having two surfaces, two borders, and two extromition 
‘The superior or diaphragmatic swrface is smooth and con 
vex, and in close contact with the under surface of the 
vault of the right half of the diaphragm, with its central — 
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quently in men as in women, I regard them, and the coin- 
cident depression of the ribs, as congenital, aud not as 
artificially produced. 


Laschka 
‘The posterior or vertebral border of the liver ix thick, and 
rounded at its right extremity, but comparatively thin st — 
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whilst the posterior part contains a slender fibrous cord 
formed by the obliteration of a vein of the fortus, named 
dwetus venorus,° The longitudinal fissure is often bridged 
across by a band of liver substance called pous Aepatia 
The under surface of the left lobe is smooth, and overlaps 
the anterior surface of the stornach. The under surface of 


obliterated 
yortal vetn 
7 iNen and. Tight lateral 
Higaaent. 


the right lobe is divided into smaller lobes by fissures and 
fosm. Starting from about the middle of the longitudinal 
fissure is the portal or transverse fissure, which extends for 
from three to four inches across the under surface of the 
right lobe. It is the gate (porta) of the liver, the Aijux 
or fissure of entrance into the organ of the portal vein, 























ment of the cells is in rows or columns, and when 
sections aro made through a lobule, transverse to tho long 
axis of the central vein, the columns of cells are seen to 
converge from the periphery to the centre of the lobule, 
‘and to form a network, 

By many observers the cells are regarded as in contact 
with the intralobular capillaries, without the intervention 
of sn intermediate membrane, 

By others, and more especially by Lionel Beale, the 
weercting cells are regarded as enclosed in a tubular net- 
work, the wall of which is formed by a basement mem- 
brane, Beale states that the diameter of the network is 
usually about +o'yoth of an inch in most mammals, Accord- 
ing to this view, the cells aro not in direct contact with the 
cnpillary blood-vessels, but separated from them by the 
basement membrane. In some parts of the lobule Beale 
has been able to demonstrate the basement mombrano aa 
distinct from tho wall of the 
capillaries, but usually they are 
incorporated together. At the 
periphery of the lobule the mem- 
brane becomes continuous with 
the wall of the interlobular duct, 

I have soon in the liver of the 
camel delicate bars of connective 
tissue, prolonged from the eapeule 

of the lobule between the colamns 

‘of secreting colls, so as to form ~ 
& sustentacular tissue quite dis- 
tinct from the network of blood 
capillaries, 
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their angles, so that the two systems of networks are not 
in contact with each other, but are separatedby intervening 
hepatic cell substance ; the passages have not, in all pro- 
bability, an independent wall, such as is possessed by the 
blood capillaries. 

As these passages can be injectod from the hepatic duet, 
and as they convey bile from the interior of the lobule into 
the duct, it is obvious that they must be continuous with 
the lumen of the interlobular branches of the duct, at the 
periphery of the lobules, The wall of an interlobular 
duct consists of a membrana propria, lined by columnar 
epithelium. From this duct fine branches enter the peri- 
phery of the lobule, and the epithelial lining abuts on and 
assumes the character of the rows of hepatic cells, whilst 
the intercellular passages of the biliary network become 
continuous with the lumen of the duct. 

The wall of the larger bile ducts is formed of a fibro- 
elastic tigsue, with a proportion of nonstriped muscular 
fibre: it is lined by a columnar epithelium. Opening 
into the larger ducts are numerous orifices, which com- 
municate with branched coseal tubes and follicles, situated 
within and clustered around the walls of the Jarger ducts, 
often in considerable numbers. Some of these appendages 
to the duct doubtless serve as glands for the secretion of 
mucus, but others are probably, as Beale supposed, mere 
diverticula of the duct, in which the bile may be tem- 
porarily retained, as in the gall bladder, 

‘The hepatic duct also gives origin to some aberrant 
ducts, which were described by Kiernan and Henle as 
passing into the left lateral ligament of the liver, and 
into the fibrous bands, which sometimes bridge over the 
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Wasts, Calcification of the protoplasm of these odonto- 
blasts then occurs, and the peripheral layer of the dentine 


Fis, 211—Sacculated stage of development of two molar teetis tn the Cxte 
tc, connective tasue forming the sues f0r the tee: Pf dental tl te 
Sreetcrnal east) eplinelionss se opty enamel eyes iees Gases ean 
fre, internal enamel jum 
bia. "4,2, the bony walls of the alveoll are beginning to form. Magulbed. 


is produced. In contact with the inner surface of the 
thin film of dentine, a second layer of odontoblast cells is 
then arranged, which in its turn calcifies, and as the peo 
cess goes on in successive layers of odonto-blasta, the 
entire thickness of the matrix of the dentine and the den- 
tinal sheaths are produced. It is owing to this ciream- 
stance that the dentine may exhibit the laminated arrange 
ment referred to on p. 753. But the process of calcifica- 
tion does not apparently take place throughout the whole 
thickness of the protoplasm of the odonto-blasta, for, as 
Waldeyer pointed out, the axial part of the cells remains: 
undifferentiated, as the soft dentinal fibrils of the dentine 
tubes, As these changes are going on in the peripheral 
layers of the odonto-blasts, the central part of the papills 
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stellate, and form with each other an anastomosing not- 
work of cells like those sometimes seen in the gelatinous 
connective tissue, 

After the tooth has become sacculated, and coincident 
with the transformation of the odonto-blast calls of 
the dental papilla into dentine, calcification begins in 
the elongated prismatic cells of the internal or enamel 
epithelium ; their protoplasm becomes calcified, and they 
become the rods or prisms of the enamel, As the hardening 
takes place from: the periphery to the ceutre of each cell, 
the axial portion may, as Tomes pointed out, remain soft 
for some time in the axis of the enamel rod. With the in- 
crease in length and with the calcification of the cells of the 
enamel epithelium, the stellate gelatinous cells disappear, 
and the outer ends.of the eaamel rods come in contact with 
the colla of the external enamel epithelium. By some 
observers the external epithelium is supposed to disappear 
without undergoing any special differentiation, but by 
others it is believed to undergo conversion into Nasmyth’s 
mombrane. 

In this manner tbe crown of a tooth is formed, and it is 
lodged in a membranous sac formed by the differentiation 
into a fibro-vaseular membrane of the surrounding connec- 
tive tissue. Whilst within its sac. the crown of the tooth 
possesses the characteristic form of the group of teeth to 
which it belongs. After the calcification of the enamel 
rods is completed, it can undergo no further change either 
in shape, or in increase of size. 

Whilst the crown of the tooth is being formed, oanifica- 
tion of the jaws has been going on, and the tooth, with its 
membranous sac, has become lodged in an alveolus or 
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teeth it has been pointed out-thatthe number of teeth in 
the permanent set exceeds that of the temporary set. The 

permanent incisors and canines come into the place of the 

temporary incisors and canines ; the permanent bicuspids 

succeed the temporary molars, but the permanent molars 

have no milk predecessors, and are superadded at the beck 

of the dental series, 

The development of the successional permanent teeth, 
which are the ten anterior tecth in cach jaw, will first be 
examined. Prior to the period when the lips of the primi- 
tive dental groove meet, to produce the saccular stage of 
dentition of the several temporary teeth, an indentation, of 
furrow, takes place in the connective tissue adjoining the 
string of epithelial cells, forming the neck of the enamel 
organ. This farrow constitutes what Goodsir termed the 
cavity of reserve, and it is filled up by epithelial cells com 
tinuous with the epithelium of the neck of the enamel 
organ. As a cavity of reserve is formed: immediately 
behind, ie, on the lingual side of, each milk tooth, they 
are ten in number in each jaw, and, exeopt that for the 
anterior molar, are formed successively from before back- 
wards, 

‘The cavities of reserve are concerned in the production 
of the permanent successional teeth, and each temporary 
tooth is replaced. by the permanent tooth formed in con- 
nection with the cavity of reserve situated immediately 
behind it (fig. 213). The cavities of reserve become elon- 
gated, and widened, and pass above the temporary teeth 
in the upper jaw, and below those in the lower jaw. 
At the bottom of cach a dental papilla forms, the apex of 
which indentates and becomes covered by the epithelium 
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temporary teeth, The primitive groove, occupied by an 
involution of the epithelial covering of the gum, is pro 
longed backwards. Three dental papille successively 
appear at the bottom of this groove, and the epithelium 
covering each papilla forms its enamel organ. Legros and 
Magitot, however, state that the 2nd permanent molar 
arises in connection with a diverticulum (cavity of reserve) 
proceeding from the epithelial string of the enamel organ 
of the Ist permanent molar, and that the wisdom tooth i 

in connection with a similar diverticulum from the 
2nd permanent molar. The embryo tooth becomes succa- 
lated, and goes through the process of calcification similar 
to what has been described in the other teeth. 

‘The germ of the Ist permanent molar appears about the 
sixteenth week of embryo-life: that of the 2nd permanent 
molar not until about the seventh month after birth, 

f the wisdom tooth is not formed until about 
‘The crown of the first molar is the first 
nent teeth to erupt into the mouth, which it 
sixth year. The incisors appear when 
; the bicuspids when it is 9 or 10; 
2; the second molars about 13; and 
the wisdom teeth from 17 to 2 

In his dentition man is diphyodont os regurds his 
incisors, canine, and premolar teeth; but monophyodont 
in the molar series, 

From tho description of the development of the teeth, 
it will have been seen that a tooth is an organ composed 
of three hard tissues, enamel, dentine and cement, and of 
the soft vascular and nervous pulp. ‘These tissues are not 
developed from one layer only of the blastoderm. The 
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enamel is of epiblast origin, whilst the dentine, coment, 
aud pulp are derived from the mesoblast. A tooth in its 
fundamental development, a8 was long ago pointed out 
by Goodsir, must be referred to the same class of organs 
ws the hairs and feathers. The enamel of the tooth, like 
the hair, is produced by a differentigtion of the involuted 
epithelium of the epiblast, whilst the dentine and pulp 
resemble the papilla of the buir, in proceeding from the 
mesoblast, The tooth-sac, like the hair follicle, ia also of 
mesoblast origin. Whether the cement, as Robin and 
Magitot have described, be developed by means of a specin! 
cement organ, in the interior of the tooth-sac, or is formed, 
a8 has been stated in this description, by the alveolo-dental 
periosteum, it is derived from the mesoblast, As to the 
origin of Nasmyth’s membrane, there is a difference of 
opinion ; some regard it as a special cornification of the 
external cells of the enamel organ, in which case it would 
be from the. epiblast; whilst others consider it to be 
continuous with, though structurally different from, 
the cement—homologous, therefore, with the layer of 
coment, which in the horse, ruminants, and some other 
mammals, covers the surface of the crowns of the tecth, 
As to the membrana preformativa, which some writers 
have described between the enamel organ and the dentine 
papilla, and others between the enamel and the enamel 
organ, I have not been able to see it in any of the develop: 
ing teeth which I have examined: I therefore agree with 
C. 8. Tomes in believing it not to be present. 

The tissues of a tooth have not all the same importanos 
in the structure of a tooth. The dentine is apparently 
always present, but the enamel, or the enamel and cemunt, 
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may be absent in the tecth of some animals, For ex- 
ample, the tusks of the elephant and narwhal, and 
the tecth of the Edentata, are without enamel, and, 
the Rodentia, enamel is present on only the anterior sar 
face of the incisora. But though the. enamel is not 
developed, or forms only an imperfect covering for the 
crowns of these teeth, yet an enamel. organ is formed in 
the embryo jaws. In 1872 I described: a structure 
homologous with the enamel organ in relation with each 
of the dental papille in the lower jaw of.a feotal narwhal; 
but this organ did not exhibit s differentiation into the 
three epithelial layers, such as ocours in those teeth in 
which enamel is developed. Since then C. S Totnes has 
seen an enamel organ in the embryo armadillo, and bas 
also pointed out that, in teeth generally, enamel organs 
exist, quite irrespective of whether enamel subsequently 
does or does not form. 
p the involution of the oral epithelium, and 
formation of a primitive groove, take 
place not only where the teeth subsequently arise, but 
along the whole curvature of the future jaws; whilst the 
production of dental papille is restricted to the spats 
formed. Hence T am disposed to 
the i jon of the oral epithelium as not 20 
essential to the development of a tooth, as the formation 
of a papilla, ‘The inflected epithelium marks only a pre 
liminary stage, and it may or may not be transformed into 
tooth structure, But that which is essential to the forma- 
tion of a tooth is the production of the papilla which 
appears at the bottom of the primitive groove, ” 
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of the fore gat takes place, which differentiates into # 
and tracken. From the lower end of the trachea the | 


structure of tho air cells. The hypoblast cells form the ep 
lining of the windpipe and air eell 

ferentiate into the connective tisiue of the Jungs, ite 

nerves, and the cartilaginous, musoular and fibrous stroctures ix’ 
walls of the bronchi and air cella, In its general mode of 
ment the lung closely corresponds with that of a racemose 
but the alveoli or air vesicles of the hing are not occupied by 
ing cells as aro the vesicles of the racemose 


esophageal Pert of the fink gry and pharny 
part; the larynx opens into the Pharyns. At the ninth week 
intra-uterine life the ges of the larynx are formed, and 
cartilage of the epiglottis, up to about the sixth month, hax 
structure of hyaline aud not of yellow fil 
0 plewro-peritoneal orvity, situated betwors the 
and splanchno-pleure layers of the mesobisat, beeorties: 

y an endothelium, produced by a differentiation of the 
calla situated next to the free «urface of each layer, As the 
no-pleure layer differentiates into the outer coats of the 
viscera which have just been described, the celle 
surface form the endothelium of the visceral layer of 
membrane enveloping the viscera; whilst the cellular 


was originally in ‘ulation to, the 
Secomes shut off from it by the development a the 
wall of the pericardium, 
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tho lovel of the upper border of the 12th dorsal 
downwards to the level of the Srd Jambar 





Fra. 218-~The Urinary Orwans in the female. 8 
is drawn wah fear 


states that they may reach as high as tho level of # 
middle of the 11th dorsal vertebra, As @ rule, the 
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kidney-is a little higher than'the right. The hilus of the 
kidney is opposite the Ist lumbar vertebra, The kidneys — 
lie ‘behind the peritoneum, and are surrounded by a mass 
of fat and loose areolar tisaue, 

Each kidney is about 4 inches long, 2 to 3 inches 
wide, and from I to 14 inch in thickness, The average 
weight is between 4 and 5 oz 

The shape of the kidney is characteristic. It posseases 
two surfaces, two borders, and two extremities. The 
anterior surface is convex, and looks forwards and out- 
wards; on the right side it is in relation to the duodenum 
and ascending colon, on the left side to tho descending 
colon. .The posterior surface is flattened, and rests on the 
crus of the diaphragm, and on the fascia covering the 
quadratus Iumborum and psoas muscles: on a plane still 
more posterior to the ‘upper part of this surface, are 
portions of the 11th and 12th ribs. The outer border is 
convex, and directed towards the posterolateral wall of the 
abdomen. The inner border is concave, and directed for- 
wards towards the spine: the deep fissure in this border 
is called the Ailus, and allows of the passage of the vessels, 
nerves, and ureter into or out of the kidney. The upper 
extremity is thicker and more rounded than the lower, 
and has the supra-renal capsule in relation with it, The 
upper end of the right kidney, and the immediately 
adjacent part of the anterior surface, are in relation to 
the liver ; the corresponding parts of the left kidney are 
in relation to the spleen. The dower extremity is smaller 
and thinner than the upper, and does not reach so low as 
the level of the crest of the ileum, 

In rare cases one kidney has been known to be con- 
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kidney, that of the sheep, and of mammals genorally, the 
lobules become fused together into a single organ, 

To obtain a knowledge of the structure of the gland, it 
will be necessary to make longitudinal sections through 
tho organ from the convex border to the hilua When 
this is done, the ureter will be scen to onter the kiduey at 
the hilus, and to dilate into a wide peleis, which divides, 
either directly or indirectly, into several short, truncated 
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branches, the calices, or infuadibula, ‘The substance of 
the kidney itsolf consists obviously of two yxerta, an ex- 
twrnal highly vascular part forming the surface of the 
kidnoy, and named the cortical portion; and an internal 
or central part, next the calices and 
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mediary and convoluted tubes, it consists of a clouded 
mass of nucleated protoplasm, which presents a very im- 
perfect differentiation into individual cells; this mass so 
fills up the tube as to leave a very small lumen. In the 
looped tubes the epithelium is flattened, and with distinct 
ovoid nuclei, which project towards the Iumen of the tube; 
but from the observations of W. Pye, cubical epithelium 
occurs in the wider parts of the looped tube, and where 
the tube joins the intermediary tube, the cells are more 
elongated, and the lumen of the tube is diminished. 

‘The intervals between the tubes both in the medullary 
and cortical parts of the kidney, are occupied by connec- 
tive tigsue and blood-vessels, The connective tissue stroma 
within the kidney was first described by Bowman and 
Goodsir. In the medullary region this tissue is distinetly 
fibrillated, but in the cortex the fibrillated tissue is very 
sparing, and the connective tissue stroma of the gland 
consists essentially, as Arnold Beer pointed out, of spindle- 
shaped and stellate corpuscles. 

The blood-vessels of the kidney consist of the renal 
artery and renal vein, with their capillaries. 

‘The renal artery arises from the side of the abdominal 
aorta, and runs transversely outwards to the hilus of the 
kidney, where it divides into several branches before 
entering the gland, Sometimes two, or even three, renal 
arteries arise independently from each side of the aorta, 
The branches of the renal artery enter the hilus between 
the ealices of the ureter ; they penetrate and divide into 
smaller branches within the columns of Bertin, or pro- 
longations of cortical substance that lie between the sides 
of the medullary pyramida. When they reach the level of 
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branches to its fibrous coat. Each vas afferens, invested 
by its sheath of connective tissue, passes to a Bowman's 
capsule in its immediate neighbourhood, the wall of 
which it appears to perforate at one pole. It divides 
in the capsule into from four to eight branches, which 
subdivide into capillaries, and form a vascular tuft or 
glomerulus, called the Malpighian tuft, situated opposite 
to the junction of the capsule with the urinary tubule. 
From the capillaries of the tuft a vessel arises, which 


efferens; 6, ¢ ¢, convoluted tubules surrounded by a éxplllary plexus springing 
from the efferens, In order to show the glomerulus the cellular contents of 
Bowmn's capsule have not been represented, x 300. 


passes cut of Bowman's capsule aa the vas «ferens. It 
usually emerges quite close to the vas afforens, but at once 
diverges from it, and after a short course ends in a net- 
work of capillaries, distributed between aud around the 
convoluted tubules (fig. 222). 
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contact with the deep surface of the cells of the superficial 
atratum, whilst the narrow end is prolonged between the 
cells of the deepest stratum, which are irregularly oval or 
rounded cells, with sometimes a slender process prolonged 
between the narrow ends of the pear-shaped cells, Small 
racemose glands open on the surface of the mucous mem- 
brane, especially in the region of the cervix; their excre- 
tory ducts are lined by columnar epithelium. 

The arteries which supply the bladder with blood are 
the superior vesical branch of the hypogastric artery, and 
the inferior vesical branch of the internal iliac, which are 
distributed in the muscular coat, and give rise to a capil- 
lary network in the mucous membrane. The veins pass to 
the vesical venous plexus. Lymphatics occur in the walls 
of the bladder, especially in the trigone, in which region 
solitary lymph follicles are also found ; the lymph vessels 
join the lymphatics which accompany the internal iliac 
artery. The nerves proceed from the hypogastric plexus 
of the sympathetic and from the sacro-coccygeal plexuses. 
F. Darwin has traced slender plexuses with nerve cells 
accompanying the blood-veasels, 


CHAPTER XIL 


REPRODUCTIVE SYSTEM. 


The Reproductive System consists of organs, the office 
of which is to provide for the perpetuation of the race. 
These organs differ from each other in the two sexes : but, 
both in the male and female, the materials easential for the 
reproductive process are the products of two genital glands, 
and are conveyed along a system of tubes and passages. 


Matz Oncans or REPRODUCTION. 


The essential organs of Reproduction in the male are 
the Testicles, or genital glands, in which the semen is 
secreted. From each testicle a duct proceeds, called Vas 
Deferens, which conveys the semen to the Urethra. The 
male urethra is for the greater part of its extent contained 
in the Penis, or organ of copulation. Certain accessory 
structures to the male generative apparatus are named 
Vesiculz Seminales, Prostate Gland, and Cowper’s Glands, 
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which contains the nrethra, and is situated oa the inferior 
ur perineal surface of the penis. It commences bebind in 
the dilatation called the bulb, from which it passes forwards 
ns a cylindriform body, and terminates in front in the ex- 
panded stracture known as the glans penta, Ite bulbous 
commencement is in contact with the perineal surface of 
the triangular ligament, ond receives an investment from 
it. The bulb, and the part of the corpus spongiosum im- 
mediately continuous with it, are invested by the accelerator 
uring: muscle. 

The accelerator wrinee or bulbovavernomu muscle may 
either be regarded as a single muscle, the two lateral halves 
of which wre united together by a mesial tendinous raphé, 
or as a puir of muscles, It arises froma point in the 
perineum, to which the lovatores ani ond transverse 
tauscles of the perincum converge, also from the mesial 
tendinous raphé; the greater number of its fibres pass 
round the balb and adjacent part of the urpus spat 
giosum to the perineal surface of the triangular ligament; 
but the most anterior fibres run outwards sround the side 
of the corpus cavernosum, either to be inserted into the 
dorsum penia, or to end in a fibrous layer prolonged over 
the dorsum, 

Structure. —The corpus spongiosum possesses a Gbrouy 
envelope, with trabecalo and with intertrabecular venous 
compartinents, but its coat is thinner, and the compartments 
are fewer and less distensible than those of the corporm 
cavernosa. The bulb receives a pair of special arturiew, 
the arteries to the bulb, ono from each internal pudic 
artery, which run forwards in the body of the corpus spon- 
giomum ; tho dormal arterics of the, penis ond in the glans 





FEMALE ORGANS. 


the penis from the superficial perineal and long pudendal 
nerves, and to the substances of the organ from the cavor- 
nous and dortal branches of the pudic nerve, The dorsal 
branch ends in the glans. Branches of the hypogastric 
plexus of the sympathetic accompany the arteries. 


Feaate Oncaxs or Rernonvorioy, 


‘The essential organs of reproduction in the female aro 
two genital glands, thedOvaries, in which are found the 
Ova, or Germ-cells, In close relation to the ovaries are 
the Fullopian tubes, the Uterus, and Vagina, along which 
the ova are conveyed. Should an ovum become impreg- 
nated, it remains lodged in the uterus until the develop- 
ment of the embryo is completed, When the child is 
ready for birth, it is expelled from the uterus slong the 
vagina. The Fallopian tubes, uterus, and vagina constitute 
the genital tubes and passages. The Fallopian tubes are 
the excretory ducts of the ovaries, but aro not anatomically 
continuous with them. Certain accessory organs, named 
the Par-ovaria, the Clitoris, the Nymphe, the Vestibular 
Bulb, and the Mammm, are also present, 
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uterus, but is quite different in the shape of its cells. In- 
stead of consisting of squamous cells, it is composed of 
abort columnar cells, which have granular contents, so that 
the surface of the ovary bas a duller appearance than that 
of the surrounding peritoneum. This columnar epithelium 
is the remains of the gorm epithelium, covering the ovary 
in the embryo, from which the ova aredorived. The line of 
demarcation between the columnar epithelial covering of the 
ovary, and the squamous endothelium of the peritoneum, is 
marked by a whitish, and often an elevated, line sur- 
rounding the attached border of the ovary. 

‘The strom of the ovary consists for the most part of 
connective tissuc, in which numerous spindle-shaped oon- 
nective tissue corpuscles are situated. Immediately 
beneath the surface epithelium the stroma forma the 
cortical layer, which at one time was deacribed as a tunica 
albuginea, bat is not now regarded as a separnte coat, 
‘The stroma at und near the hilus has been named the 
medullary substance, and is very vaseular; both the con- 
nective tissuo and tho vessels radiate from the hilus into 
the cortical layer, The medullary part of the stroma also 
contains bundles of non-striped muscle, which, ag Waldeyer 
states, lio around the branches of the ovarian artery: they 
do ndt apparently enter the cortical layer. 

The Graasian follicles, ovi-sacs, or ovi-capsules,are situntod 
in the cortical layer of the ovary, and vary much in ap- 
pearance with their stage of development. If a follicle in 
‘an advanced stage bo examined, it will be seen to possess an 
external envelope of connective tissuo, continuous with the 
stroma of the ovary, and containing a network of capil- 
lary blood-veasels, ‘This forms the snc or wall of the 
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surface of the ovary by causing absorption of the surround- 
ing stroma, ‘The surface of the ovary then gives way, the 
wall of the follicle bursts, and the ovum and the liquid, 
with some of the cellular contents of the follicle, are dis- 
charged into the mouth of the Fallopian tube. The 
largest Grasfinn follicles can be readily seen with the naked 
eye, aud measure from jth to yjth inch in diameter, 
Graafian follicles of middle size have an avernge diamoter 
of about Jyth inch, and contain a much smaller amount of 
follicular fluid, The smallest Graafian follicles are arranged 
in large numbers in the cortex immediately subjacent to 
the surface epithelium. They are about {5th inch in 
diameter, contain no follicular fluid, and are lined bya 
single layor of the cells of the membrana granulosa, which 
are interposed between the ovum and the wall of the 
follicle. In rare cases two ova occur in a single follicle, 

‘These modifications in the size of the Graafian follicles 
are especially seen during the sexually active period of 
life. In chikiren they are almost uniformly of small size, 
and number, in all probability, between 30,000 and 40,000 
in each ovary. After puberty, from twelve to twenty or 
thirty, may be seen at one time expanding into follicles of 
tite largest size, a change in condition which indicates that 
in them the ova are becoming mature, After an ovum is 
discharged, through rupture of the wall of the follicle, the 
chink on the surface of the ovary heals, and forms a scar, 
and the Gruafian folliclo becomes occupied by a yellowish 
mass, called a corpue [utewm. 

‘The corpus luteum is a lobulated body closely invested 
by the wall of the follicle, which possesses about ite centre 
an irregularly elongated greyish band, which is softer than 


> 
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contains, not only @ minutely granulated material, bat a 
dark definito spot, the germinal spot or nucleolus, about 
covet inch in diameter. The zona pellucida is appa. 
rently formed by a differentiation of the peripheral part 
of the yelk protoplasm. 

‘The ovary reotives its supply of blood from the ovarian 
artery which enters it at the hilus. 
Tt divides into small branches in 
the fibrous medulla, which pasa out- 
wards to the cortex, and form capil- 
lury plexuses in the walls of the 
Graafian follicles, The veins which 
leave the ovaries form a well-marked 
plexus, called the pampiniform 
plexus, botwoen the layers of the 
broad ligament. ‘Lymphatics also 
pass out at the hilus: they form within the ovary a 
capillary ploxus, and are continuous with lymph spaces 
situated around the Graafian follicles; according to His 
they pass into the substanea of the corpora lutea. The 
nerves proced from the sympathetic plexus which accom- 
panies the ovarian artery, and have been traced towards 
the Graafian follicles, but their"mode of termination ia not 
known. 


leeds 9 gerutieal apne 


Development of the Ovary and Ova, 


From the observations of Waldeyer, it would seem that 
the avary appears a4 a thickening, or emall eminence, on the 
median sepect of the Wolffian body in the early embryo. 
It consists of two parts, a superficial epithelium, and o 








OVARY. 


‘The primordial ovum is converted into {the mature 
ovum, not only by growing larger, principally by an 
increased formation of the yelk protoplasm, but by the 
yelk becoming infiltrated with fatty granules, An invest- 
ing envelope of zona pellucida is also produced. Reichert 
and many othor observers supposed that the zona was 
formed from the cella of the membrana granulosa imme- 
diately surrounding the ovum, but it ia more probably 
produced by a special differentiation of the peripheral 
layor of the yolk protoplasm. The germinal vesicle ix 
the modified nucleus of a germ-opithelial corpuscle, and 
04 this nucleus, not only in the unmodified germ epithe- 
lium cell, but in the early stage of growth of the primor- 
dial ovum, greatly propunderates in size over its investing 
protoplasm, it seems at first to be the most important 
constituent of the vell, About the time of the maturation 
of an ovum the germinal vericle has apparently completed 
its function, for when fhe Granfian follicle has burst, and 
the ovuin has escaped into the Fallopian tbe, the vesicle 
ean no longer be distinguished, The formation of pri- 
mordial ova from the germ epitheliam corpuscles comes to 
an end before the third year of extra-nterine life. Of the 
many thousands of primordial ova in each ovary, only a 
comparstively amull number come to maturity, and the 
maturation of the ova ccases when the function of men- 
Atruation terminates, 
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The oviduct possesses fou conta, The external or 
serows coat is continuous with the peritoneum forming the 
broad ligament. The muecw/ar coat consists of an external 
longitudinal, and an internal circular layer of nomstriped 
fibres, continuous with the muscular wall of the uterus, 
Beneath the muscular coat is the slmucous coat, formed 
of vascular “connective tissue, The internal or mucous 
coat lines the Fallopian tabe, and is continuous with the 
mucous lining of the uterus. It is elevated into longi- 
tudinal folds, and is covered on its free surface with a 
ciliated columnar epithelium ; glands do not exist in the 
mucous membrane, At the external orifice the ciliated 
columnar epithelium ia prolonged upon the inner surface 
of the fimbrix, and on these processes it passes into the 
squamous endothelium of the peritoneum, 

Though the oviduct is not directly continuous with the 
substance of the ovary, yet when ova are being shed, 
through rupture of the wall of the Graafian follicles, the 
fimbriated end of the Fallopian tube embraces the surface 
of the ovary, so that the ova can enter itsmouth. ‘The 
ovary therefore differs from glands generally in pot having 
its excretory duct directly continuous with its secreting 
structure, The ovum is propelled along the duct, partly 
by the movements of the cilia, and partly doubtless by a 
peristaltic contraction of the muscular coat, 
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and lie in close relation to the muscular fasciculi. They 
freely communicate with each other and give rise to thy 
uterine and ovarian plexuses of veins. During pregnancy 
the veins within the muscular coat increase greatly in size 
and forma cavernous-looking arrangement in the muscula! 
wall. Lymphatic vessels form a network in the museula) 
wall, from which larger lymphatics proceed, that pass be 
tween the layers of the broad ligaments, From the observa 
tions of Leopold, it would appear that lymph spaces exis 
between the bundles of connective tissue of the mucosa 
the walls of which spaces are formed of the flattened en 
dothelial cells investing those bundles, and that simila) 
endothelial sheaths invest the glands and blood-vessels 
The nerves of the uterus arise from the hypogastric anc 
spermatic plexuses of the sympathetic, end from the 3rc 
and 4th sacral nerves. Their arrangement and distribu. 
tion have been investigated by Tiedemann, Robert Lee 
Snow Beck, and Frankenbauser. They form numerous 
plexuses, in which both medullated and non-medullatec 
nerve fibres aud nerve cells are found. They are distri 
buted in the muscular wall, and Frankenhiuser states that 
the fibres can be traced into the nuclei of the contractile 
muscular fibre-cells. By some authora the nerves are 
said to increase in size during pregnancy. 





VESTIBULE. 


the central tendinous point of the perineum and from the 
perineal septum, to which are also attached the sphincter 
ani, trinsversi perinel, and Jovatores ani muscles, Its 
fasciculi ron forwards and embrace the bulb of the veati- 
bule, and are inserted into the crus clitoridis and into the 
upper part of the bulb. As its most anterior fibres are in 
relation to the urothra in the vaginal wall, Laschka regands 
it also as a sphincter of the urethra (fig. 233). 
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The VESTIBULE is tho interval between the nympha, 
in which the orifices of the urethra and vagina are situated, 
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milk. Sometimes in young men at the time of puberty 
the mamma swells out a little and secretes a little thin 
fluid. Supernumerary mamma in the human subject have 
been recorded by W. Gruber, P. D. Handyside, and other 
anatomista. 
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